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ABSTRACT
The incidence and mortality of cervical cancer has been increasing among young women in
New Zealand. This increase has occurred despite the availability of cervical screening services.
Organized cervical screening programmes canreduced the mortality of cervical cancer and an
assessment of the epidemiology of cervical cancer andthe organization of cervical screening in New
Zealand has been necessary.
Age-period-cohort modelling and a graphical cohort analysis have beenused to describe
the trends in cervical cancer and the registrations of carcinoma in situ in New Zealand. Ethnic
differences in these trends have also been examined. The age-period-eohort model has been
extended to estimate, underdifferent assumptions, the future incidence and mortality of cervical
cancer in New Zealand until afterthe year2000 if the effectiveness of cervical screening is not
improved.
The history of cervical screening in New Zealand, the trends in the registration rates of
carcinoma in situ andthe application of mathematical models of the natural history of the disease
have provided estimates of the possible impact of past screening activity on cervical cancer
incidence in NewZealand.
A small pilot study attempted to incoporate some of the important features of successful
organized cervical screening programmes within the constraints imposed by the New Zealand
health service.
The costs andbenefits of different cervical screening strategies in NewZealand were
assessed using the simulation methods of operations research.
An increased risk of cervical cancer among successive generations of women born since
about 1936 and an absence of an obvious alteration in the observed mortality or incidence of
cervical cancer frompast cervical screening activity wasfound (however, past screening activity may
have reduced the incidence of cervical cancer by about 40%by 1983). Projections of the mortality
and incidence of cervical cancer emphasize thatthe emerging epidemic of cervical cancer will occur
among women already with preinvasive disease and screening is the only available method of
reducing their riskof cervical cancer. Changes in sexual behaviour areunlikely to alterthis epidemic
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of invasive cervical cancer overthe next 15 to 20 years. Also, no reduction in the ratio of Maori to
non-Maori cervical cancer mortality rates in the 30-year timeperiod examined was observed. A very
high incidence rate of cervical canceramong NewZealand resident Pacific island Polynesian women
requires further investigation.
From the pilot study for a cervical screening programme it wasconcluded that an organized
cervical screening programme may be difficult to implement because of the structure of the existing
health service in New Zealand. Also, the participation of the majority of women in an organized
cervical screening programme may be difficult to achieve.
Three-yearly screening would be a preferred screening frequency for a national cervical
screening programme in New Zealand. A three-yearly screening frequency for asymptomatic
women, unless contra-indicated on clinical grounds, would significantly increase the demands on
the screening service. Screening more frequently than this could not be justified from the costeffectiveness analysis performed and would be likelyto placeunbearable demands on the cervical
screening service.
It was alsothought that an organized cervical screening service requires operational
objectives and gUidelines that are understood by the management of the screening programme
and guarantee its effectiveness and efficiency.
Any causal relationship between human papillomavirus infections and the preinvasive
stages of cervical cancer has not yet been established andwell design studies are needed. It is
important that the natural history of human papillomavirus infections is moreclearly understood as
clinical decisions are becoming influenced by the presence of these infections.
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Chapter 1

Introduction
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1.1. The occurrence of cervical cancer
Worldwide, cervical canceris the second commonest cancer in women with at least 465.600
women developing it each year (Parkin et al. 1988). This is about 15%of all cancers in women. The
great majority of cervical canceroccurs in developing countries where it is often more common than
breast cancer. Of the worldwide distribution of cervical cancer, 28%of cases occurin China and
20%in Southern Asia (mainly in India). While the countries withthe highest incidence rates of
cervical cancer are in South America this continent may contribute as little as 8% to the total number
of women in the world developing cervical cancer each year(Parkin et al. 1988). In twocancer
registries. in Swaziland andViet Nam, cervical cancer has accounted for over50% of allcancers in
women registered (Truong 1986; Peers and Keen 1986).
Figure 1.1 shows the cumulative incidence of cervical cancer for women 0 to 74 years of age
estimated fromcancer registries around the world (Muir et al. 1987).
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Figure 1.1. The cumulative Incidence (0 to 74 years of age) of cervical cancer
from cancer registries around the world (Muir et al. 1987).
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There is a 12-fold difference in the cumulative incidence of invasive cervical cancer in figure
1.1 from Israel (0.43%) to Cali in Colombia (5.31 %). Only a small proportion of the differences in the
cumulative incidence of invasive cervical cancer fromthese registries canbe due to the proportion
of cancers of the uterus where the cervix or corpus as the tumour site has not been recorded.
Cervical cancer mortality rates showsimilar variations to incidence rates between countries
with some countries in Central and SouthAmerica having the highest mortality (World Health
Organisation 1987). Trends in cervical cancer mortality vary between countries. Overall cervical
cancer mortality has been declining steadily overthe past 45 years in New Zealand (Donovan
1970b; seefigure 4.1). Similar overall decreases in cervical cancer mortality havebeen seen in
Canada (Ahluwalia and 00111968) and England and Wales (Hill andAdelstein 1967). Hilland
Adelstein (1967) showed that the trends in cervical cancer could be dueto the risks of different
generations of women. In some countries this decline has been greater because of their cervical
screening programmes (Hakama 1982). However, in England andWales, Scotland, Australia and
NewZealand, cervical cancer mortality has increased among women under 35 years of age. In
England and Wales (Osmond et al. 1982), Australia (Holman and Armstrong 1987) andNew
Zealand (see chapter 3) this increased mortality fromcervical cancer among young women has been
due to an increased risk amongst emerging generations. Also, in Finland, Norway andSweden
increases in cervical cancer mortality have occurred among young women (Laara et al. 1987). For
the United States, Canada and some Scandinavian countries this increased mortality among young
women has either not occurred or hasbeen small. Cervical cancer mortality among young women in
Canada has not increased butthe incidence might have increased for women under25 years of age
(Ayiomamitis 1987). Part of Canada has also recorded a small increase in the incidence of cervical
cancer among some recent generations of women (Clarke et al. 1988). In the United States, the
previous decline in cervical cancer mortality among young women has ceased andthe incidence
among women under35 years of age has increased slightly during the 1980's (Devesa et al. 1987).
Also, the detection of cervical carcinoma in situ mayhave decreased among young women in parts
of the United States (Chow et al. 1986) and among white American women (Makuc et al. 1989). The
trends in cervical cancer in the United States need to be carefully monitored over the next10years
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to seeif any decreased screening activity (Makuc et al. 1989) or increase in other risk factors has
occurred.
Peters et al. (1986) have found that the incidence of adenocarcinoma of the cervix has
been increasing in the United States among women under35 years of age. This would be unlikely
to explain the recent trends in the incidence of invasive cervical cancer in the United States
because of the small proportion of cervical cancers that are adenocarcinomas, but it requires further
evaluation. Trends in the rateof total hysterectomy in the United States influence the interpretation
of thetrends in cervical cancer because the population at riskis women with an intact cervix (Lyon
and Gardner 1977). However, total hysterectomy prevalence is least likely to affect the trends in
cervical cancer among young women.
In cancer registers where rural and urban cervical cancer incidence has been separated the
cumulative incidence has oftenbeen higher in the urban areas (Roginski 1987).
Social andcultural determinants of the sexual behaviour of men and women may explain the
occurrence of cervical cancer in different populations. It hasbeen proposed by Skegg et al. (1982)
that societies where men have highnumbers of sexual partners, through the useof female
prostitution for example, the incidence rates of cervical cancer are highest.
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1.2. Risk factors for cervical cancer
1.2.1. Methodological considerations In assessing the risk factors for cervical
cancer
Many studies of the epidemiology of cervical cancer have included preinvasive disease to
increase the study sizeand achieve acceptable statistical power to assess hypotheses. Studies of
invasive cancer assess both the factors associated withthe causes of preinvasive disease and
factors associated withthe progression, regression, or stasis of preinvasive disease. The causes of
preinvasive disease maybe best assessed by studying the incidence of the earliest phases ofthe
natural history of cervical cancer. However, the methods for the detection of the earliest phases of
preinvasive disease may be the least specific. Because the natural history of preinvasive disease
involves spontaneous regression to normality in many instances, the riskfactors for preinvasive
disease maybe associated with persistence or progression of cervical abnormality rather thanwith
the incidence of the abnormality making the inference of a causal association withpreinvasive
disease more difficult. Study designs may be possible which exploit differences in the degree of
association that riskfactors have with different phases of cervical neoplasia within a single stUdy
protocol. In this way, the contribution of a factor to the causation of preinvasive disease compared
to anyrole in the dynamics of the natural history after exposure to a primary agent maybe separated.
In the simplest framework, riskfactors which show the strongest interaction withthe phase of the
disease would be more likely to alterthe progression, stasis or regression of preinvasive conditions
than to initiate preinvasive disease. Causal agents for preinvasive disease may be expected notto
exert strong interactions with the phases of the disease studied within the study protocol.
Studies Which include preinvasive disease andthose of invasive disease in screened
populations ideally need adjustment for screening frequency. Adjustment for the sensitivity of the
screening procedure may also sometimes be needed. The sensitivity of the screening procedure is
difficult to measure directly. Also, the sensitivity may alterwith the phase of the preinvasive disease
detected. This change in sensitivity in relation to the phase of the disease hasbeen called the
sensitivity function of the screening procedure (Eddy 1980b). Forexample, the cervical smear may
be expected to be least sensitive in detecting mild dysplasia and most sensitive in detecting
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carcinoma in situ because the abnormal cells are covered by normal epithelial cellsin theformer but
not the lattercondition.
Adjustment for screening frequency has sometimes been made by the inclusion of the time
since the last negative smear in a logistic regression model forthe analysis of case-control studles.
However, information about the lasttwo cervical smears provides a more accurate assessment of the
protection fromcervical neoplasia andcancer conferred by screening (IARC Working Group on
Cervical Cancer Screening 1986). Adjustment for the interval between the lasttwo cervical smears
and the time since the lastnegative smear may be necessary for a more complete control of the
potential confounding fromthe cervical screening history of women when assessing other risk
factors for cervical neoplasia and invasive cervical cancer. Forscreen detectable cervical disease
many health service barriers allow ample scope for selection bias.
Many potential biases exist when examining the riskof oralcontraceptive use and cervical
cancer (Schlesselman 1977; Swan and Pettiti 1982). Also, a cytologist's knowledge of whether a
women is taking oralcontraceptives maylead to a misclassification bias or the extension of the
transformation zone onto a more accessible partof the cervix may change the sensitivity of the
screening procedure. Some health service influences mayexist because of the need for a doctor's
prescription to obtain oralcontraception. A doctor mayunknowingly tendto recommend oral
contraception to women at higher risk of cervical neoplasia because of some otherassociated
factors.
Full assessment of the role of sexual behaviour and theriskof cervical cancer requires the
assessment of the sexual behaviour of male sexual partners aswellaswomen themselves. This is
seldom possible or culturally acceptable. The possible role of the male partners of women is often
unassessed in studies of the epidemiology of cervical neoplasia. Creative methodological
approaches are needed to enhance the study of the epidemiology of sexually transmitted diseases.
The associations among many of the riskfactors for cervical cancer and the methodological
difficulties of separating theircontribution to the riskof cervical cancer in different populations is a
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challenge for research aimed at clarifying the epidemiology of cervical cancer (Brinton and Fraumeni
1986).
In the following review of the risk factors for invasive cervical cancer most emphasis will be
placed on studies which have tried to control for the major riskfactors for the disease and which
have studied invasive rather than preinvasive disease. In general, the riskfactors examined will be
those associated with squamous cervical carcinoma. The othermain histological types of cervical
cancer, adenosquamous carcinoma and adenocarcinoma of the cervix. contribute about 10%of all
cervical cancer and will be only briefly mentioned throughout this thesis.
1.2.2. Dysplasia and carcinoma in situ
Babes (1928) described the cytology of squamous cancer cells and other abnormal cells
obtained from the cervical smears of women attending a gynaecology clinic in Bucharest. In 1941 Or
George Papaniclaou reported his experience of the exfoliative cytology of the cervix of women
attending a gynaecology clinic in the United States (Papaniclaou andTraut 1941). He reported his
method of taking and preparing cytological smears from these women. The importance of thls
discovery engendered debate among pathologists and clinicians. Theresemblence of cells
sometimes obtained to cervical cancercells encouraged speculation that an early stage of cervical
cancer might be detectable by this method. Follow up studies of women with these cytological
abnormalities then showed that they appeared to be at increased riskof cervical cancer (Petersen
1956; Koss et al. 1963). These studies found thatthe cervical abnormalities were dynamic and
could: progress to more advanced disease and invasive cancer, not change appreciably or regress
to produce a normal cervix for somewomen. The average ageof the detection of dysplasia and
carcinoma in situ was found to be 10to 25 years earlier thanthe ageof greatest riskof invasive
cervical cancer. suggesting a long leadtime between these cervical abnormalities andthe
development of cancer. The understanding of the natural history of cancer was not very advanced
at this time and some of the concepts of the natural history of cervical cancer were very new. No
analogous understanding of the natural history of othercancers was available and debate ensued
(Knox 1966).
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Studies of the natural history of dysplasia often reported a 'progression rate'for cervical
neoplasia over a variable follow up period. By 'progression rate' the authors often meant the
proportion of cases which progressed in the variable time period studied rather than an annual
progression rate. Therefore, this parameter was very variable between different studies because it
was not always expressed as an average annual progression rate. The imprecision in calculating the
measure of interest in these studies created confusion for those interpreting them.
Annual progression rates for the entire cohort havebeen estimated from studies where
some information on the average follow up period was available, or could be calculated. The annual
progression rate was estimated by dividing the proportion of the initial cohort for whom progression
was observed by the average length of follow up of the cohort. This is notthe rate of progression
among only those women whose lesions progressed. Table 1.1 shows the estimated annual
progression rates of preinvasive disease found.
Table 1.1.

Annual progression rates of preinvasive cervical abnormalities.

Studv

Petersen (1956)
Kinlen and Spriggs
(1978)
Koss et al. (1963)
Green (1974)
Gad (1976)
Mclndoe et al. (1984)
Stern and Neely (1964)
Hall and Walton(1968)
Johnson et al. (1968)
Nasiell et al. (1983)
Nasiell et al. (1986)

From

Prooresslon rate

To

Precancer

Invasion

4.0%

Precancer
Carcinoma in situ
Carcinoma in situ
Carcinoma in situ
Carcinoma in situ
Dysplasia
Dysplasia
Dysplasia
Moderate dysplasia
Mild dysplasia

Invasion
Invasion
Invasion
Invasion
Invasion
Carcinoma in situ
Carcinoma in situ
Carcinoma in situ
Greater abnormality*
Greater abnormality*

2.2%
3.2%
1.8%
11.5%
1.9%
6.4%
2.3%
0.5%
5.6%
4.4%

* Severe dysplasia, carcinoma In Situ and,

In

a very few women, early invasive cervical cancer.

In some studies (Petersen 1956;Koss et al. 1963) a category of 'borderline invasion' as a
precancerous condition has been included which was likelyto overestimate the annual progression
rate of the advanced precancerous lesions by including microinvasive disease. The estimated
annual progression rate from Gad (1976) relied on the follow up of only 30 women, andthat of
Kinlen and Spriggs (1978) only 60 women, and are therefore not very precise. Green (1974)
reported 5 of 44 women developing invasive cervical cancer afterpositive smears for at leasttwo
years and an average of 6.2 years of follow up. The longer-term report of this study (Mclndoe et al.
1984) provides a more precise estimate of the average annual progression rate of carcinoma in situ
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to invasive cervical cancer. The 1.9% annual progression rate of carcinoma in situto invasion among
women with persistent abnormal cytology thatthey reported was similar to the 1.8% annual
progression rate found by Green (1974).
The annual progression rates from mild and moderate dysplasia to severe dysplasia and
carcinoma in situ (Nasiell et al. 1983; Nasiell et al. 1986) were found to be higher than the annual
progression rates from carcinoma in situ to invasive disease. The average annual regression rates of
mild and moderate dysplasia were greater thanthose of severe dysplasia andcarcinoma in situ
(Canadian Task Force 1976). The condition described as mild or moderate dysplasia appears to be
a more dynamic phase of the natural history thansevere dysplasia or carcinoma in situ. Some
variation in the progression rates of dysplasia withage have been suggested. Nasiell et al. (1983)
found thatthe annual progression rate of moderate dysplasia was lower among women under 26
years of age than women 26 to 50 years of age. Women over50 years of age were found to have a
slower progression rate (about half) thatfor women 26 to 50 years of age. However, the slower
progression rate in these age groups was not verymarked in a subsequent study of the progression
of mild dysplasia (Nasiell et al. 1986). Previous cervical biopsy wasfound to decrease slightly the
progression rate of moderate but not mild dysplasia.
The progression rates have been calculated from a mixture of prevalent and incident rather
than incident abnormalities alone. When a screening procedure is performed in a population,
abnormalities that are persistent have a greater chance of being detected thanthose that are more
transient. The transient abnormalities are more likely to have arisen and resolved between
screening procedures. Therefore, screen detected abnormalities tend to represent the proportion
of abnormalities that arise in the population that are more persistent (present for a longer time
period). This is described as length biased sampling produced by a screening procedure. Length
biased sampling maymean that both progression and regression rates areunderestimated because
of the lower probability of screening detecting the more dynamic cervical lesions. Thismay explain
the observed lower progression rate among olderwomen andan adjustment for screening history
might produce different estimates of both annual progression and annual regression rates. The
average annual progression rates shown in table 1.1 apply strictly to persistent lesions only.
Because regression is a characteristic of preinvasive disease, and more sofor early abnormalities,
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the observed incidence rate may significantly underestimate the true incidence rate of these
abnormalities.
The assumption thattreating these preinvasive abnormalities could prevent cervical cancer
wasnot assessed by a randomized controlled trial sothe efficacy of a cervical screening programme
was not validated. At National Women's Hospital in New Zealand a study over 25 years by Professor
Herbert Green followed a selection of women withcarcinoma in situwithout initial treatment to
assess whether invasion of the cervix occurred. The results of this study have been reported by
Mclndoe et al. (1984) andwere laterthe subject of a Ministerial inquiry (Cartwright 1988). The study
found thatthe riskof invasive cervical cancer among women withpersistent carcinoma in situ was 25
times greater thanfor women whodid not have persistent carcinoma in situ after initial diagnosis or
treatment (Mclndoe et al. 1984). Kinlen and Spriggs (1978) have alsoshown thatthe risk of invasive
cancer among women withuntreated cervical dysplasia or carcinoma in situ is much higher than
those whose cellular abnormalities of the cervix have been treated.
Nasiell et al. (1986) estimated thatwomen withmild dysplasia were 560times more likely to
develop severe dysplasia, carcinoma in situ, or invasive cervical cancer than women with normal
cervices.
Because the cytological results of a smear mayunderstate (and may overstate) the degree
of histological abnormality of the cervix, even smears withonlyatypical cells sometimes conceal
more severe pathology. Therefore, even women whohave only atypical cervical cells intheirsmear
are probably at greater riskof cervical intraepithelial neoplasia (mild, moderate and severe dysplasia
and carcinoma in situ) and possibly invasive cervical cancer compared to women who have had a
negative smear. However, the risk of invasive cervical cancer for the more minor cytological and
histological abnormalities needs to be related to theirpersistence rather than merely to their
presence or absence because regression to normality is a very important part of the natural history
of these cervical conditions. Screening should therefore be aimed at detecting cervical
abnormalities andtreating those that persist or confer in some otherway a greatly increased risk of
invasive cervical cancer.
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1.2.3.

Sexual behaviour
A study by Rigoni-Stern (1842: translated by De Stavola 1987) of mortality in the Italian town

of Verona from 1760to 1839showed that, while nunshad a much greater mortality rate for breast
cancer than the general population, their relative mortality from cancer of the uterus was low. At this
time the majority of cancers of the uterus were cancers of the cervix uterirather thanof the corpus
uteri.
The much greater occurrence of cervical cancer among the lower social classes and married
women and a relative rarity of cervical cancer among Jewish women attracted the attention of
gynaecologists and research workers (Kennaway 1948). Early marriage, childbirth and syphilis were
found to be associated with cervical cancer (Levin et al. 1942: cited in Pereyra 1961). Gonorrhoeal
infection was considered to be a riskfactorfor cervical cancer in China (Maxwell 1929: cited in
Kennaway 1948) but the evidence for this conclusion was not given. It was noticed that, in some
countries with a suspected high incidence of cervical cancer, the incidence of cancerof the penis
and the prevalence of phimosis were also relatively highandthattransmission of a carcinogenic
agent from the male penis to the female cervix was possible (Kennaway 1948).
In 1961, after a case-control studyof a female prison population, Pereyra (1961) concluded
that cervical cancer was probably caused by a sexually transmitted viral agent andthat sexual
promiscuity among women (ensuring numerous male sexual partners) was a major riskfactor for the
disease. This hypothesis was basedon: the sexual histories of prison inmates, the infrequency of
cervical canceramong abstainers from sexual intercourse, the same frequency of trauma to the
cervix among prison inmates with andwithout cervical cytological abnormalities. the possibility of viral
disruption of the host cell's genome and the likely latentperiod before carcinogenic expression
thought to be characteristic of a viral aetiology.
Using a case-control study in which mostof the cases had invasive rather than preinvasive
cancer, Rotkin (1967a) showed that the risk of cervical cancer was increased for women who had
hadtwo or more sexual partners or who hadfirst coitus at an earlier age. Martin (1967), in a small
case-control study among Jewish women, showed that multiple sexual partners and an early age at
first coitus were also important riskfactors among this low riskpopulation. The sexual relationships
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of the male partners of women werealso considered to confer a risk of cervical cancer by Martin
(1967) and Rotkin (1967b). These studies were important because they showed thatthe major risk
factors for cervical cancer were similar to those for sexually transmitted diseases and thatthese risk
factors were able to explain many of the other associations with cervical cancer. A viral agent was
considered the most likelyagent at this time. However, Rotkin (1967b) emphasized the importance
of the age at first coitus rather thanthe numbers of sexual relationships of women andtheirpartners,
because it wasthought thatthe cervix was in some waymore susceptible to the initiation of cancer
during adolescence and early adulthood.
Seral (1974) showed thatthe different riskof cervical cancer among different generations of
women (Hill and Adelstein 1967) could be explained by theirdegree of exposure to sexually
transmitted diseases as indicated by their incidence rates of gonorrhoeal infection. Seral (1974)
also showed thatthe riskof cervical cancer was higher among women whose husbands had
occupations that involved travel and extended periods away fromhome. The geographic
distribution of cervical cancer mortality and sexually transmitted disease in England and Wales was
also similar, with both diseases being more common in urban areas and around seaports.
Harris et al. (1980), in a case-control study of cervical neoplasia, re-emphasized the risk of
cervical neoplasia associated with the numbers of sexual partners of women. Further, theyshowed
thatthe riskassociated with an earlier ageat first coitus wasstrongly confounded by the risk
associated withthe numbers of sexual partners. Adjustment of the relative risk of cervical neoplasia
associated with the numbers of sexual partners of women removed the association between
cervical neoplasia and an early age atfirstcoitus. Whether the sexual partners were regular partners
(a partnership lasting more than3 months), or irregular partners, did notappear to alter the relative
risk of neoplasia within each level of the number of sexual partnerships. Suckley et al. (1981)
extended this study by showing that, among women who stated thatthey had had no sexual partner
other thantheir husband, the woman's riskof cervical neoplasia andinvasive disease increased with
the number of sexual partners her husband had had.
Skegg et al. (1982) haveproposed that the worldwide distribution of cervical cancer and the
trends in cervical cancer mortality and incidence within countries may in part be explained by
variations in the sexual behaviour of men and women. Countries with extremely high incidence
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rates for cervical cancer wereconsidered to be those where men hadhighnumbers of sexual
partners, oftenthrough recourse to female prostitution.
A case-control study involving 410women with invasive squamous cervical cancer (Brinton
et al. 1987) confirmed the association of the number of sexual partners andage at firstcoitus with

the riskof cervical cancer. Using a logistic regression model, nointeraction between the numbers of
sexual partners of women andthe age at first coitus for the risk of cervical cancer was found. The
authors remarked on the non-linear relationship between the age at first coitus and the riskof
cervical cancer which persisted despite controlling for numerous potential confounding factors.
Peters et al. (1986) found that, in a highriskpopulation, the number of sexual partners
before the age of 20 years was associated with an increased risk of invasive cervical cancer, but the
number of sexual partners a woman hadafter the ageof 20 years didnotremain an important risk
factor afteradjustment for the number of partners before 20 years of age. This mayoccur if a
woman's sexual partnership rate before 20 years of agewas strongly correlated with her sexual
partnership rate after20 years of age. In a high riskpopulation, exposure to the causal agent could
be expected to usually occur before a woman was 20 years of age. Then the sexual partners after
preinvasive disease developed would not contribute to the riskof invasive disease. Peters et al.
(1986) also suggest that boththe age at first coitus andthe number of sexual partners are important
in determining the riskof invasive cervical cancer.
Zunzunegui et al. (1986), in a small case-control study of cervical neoplasia and invasive
disease, have confirmed the result of Buckley et al. (1981) thatthe husband's number of sexual
partners is a risk factor for married women.
A few studies have not found a strong association between the numbers of sexual partners
of women and cervical cancer. Forexample, Jones et al. (1958) failed to find an association
between the numbers of sexual partners of women andtheir risk of invasive cervical cancer,
regardless of whether the sexual relationships wereshort or long. Among Thai women the riskof
invasive cervical cancer wasonlyweakly associated with either age at first intercourse or their
number of sexual partners (Wangsuphachart et al. 1987). However, this may occur if the sexual
behaviour of men was more important in conferring the riskof cancer to Thai women.
Wangsuphachart et al. (1987) are investigating this possibility further. However, an Italian study
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found the riskof cervical neoplasia for women under20 years of age was notstrongly associated
with the numbers of sexual partners of the women (Zaninetti 1986).
From this it may be inferred that the riskperiod determining exposure to the causal agent for
cervical neoplasia is between the ageat firstcoitus andabout 25to 30 years of age in most
populations. This exposure in early adulthood creates different levels of exposure for different
generations of women (Hill and Adelstein 1967).
Following the mathematical theory of a simple sexually transmitted disease (Bailey 1975),
the sexual partnership rate will be the dominant parameter describing the riskof contracting a
sexually transmitted disease for women not previously exposed. Theothermain parameter
determining the incidence density of infection among women at riskwill be the prevalence of
infectious males in the population. The mathematical product of these parameters being a
determinant of the risk of exposure to an infectious agent from sexual behaviour.
The sexual partnership rate is a measure of the probability of acquiring a new sexual partner
in the immediate future and is an important indicator of the riskof exposure to a sexually transmitted
infection for women.
The average sexual partnership rate of a women is,
total number of sexual partners
age

age atfirst coitus

Therefore, adjusting for age, number of sexual partners and age at firstcoitus (assuming
either a multiplicative or additive relationship among these riskfactors) would not adequately adjust
for this measure of the riskof disease because the sexual partnership rate is neither a sum norratio
of the three variables.
Age is often considered to represent the approximate duration of exposure (Armitage and
Doll 1954). Since first exposure is measured by the age at first coitus, age minus age at first coitus
would be the appropriate variable for measuring the riskperiod for studies of cervical cancer.
Recognizing this, Rotkin (1967b) showed that the mean latency between first possible exposure
andthe diagnosis of invasive cervical cancer was about 30 years for each category of age at first
coitus up to 23 years of age anddeclined for olderages at firstcoitus. The slightly lower mean
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latency until diagnosis for women with an olderage at first coitus may have partly been due to
competing causes of death among the oldest women who may also have been more likely to have
had an older age at firstcoitus.
Logistic regression of the relative risk estimate against the number of sexual partners and
the riskperiod would be expected to separate these variables well because it assumes an
underlying multiplicative or ratio relationship between these variables. However, adjusting for the
number of sexual partners, age and age at first coitus individually using logistic regression assumes
that these variables each have a multiplicative effect on the risk of disease notimplied from the
sexual partnership rate. Therefore, this would notappear to be the best analytical approach for
assessing a disease thought to be caused by a sexually transmitted agent.
Fora given age and age at first intercourse, the effect onthe riskof disease from the
number of sexual partners would be expected to be easily separated by a logistic or other
multiplicative model. This may be partly why Harris et al. (1980) found such a strong influence from
the number of sexual partners compared to some previous studies which did not use logistic
regression in the analysis. Harris et al. (1980) were thefirst to uselogistic regression to analyse a
study of cervical neoplasia. The earlier studies of Rotkin (1967a) andMartin (1967) found greater
difficulty, using an additive regression model, in distinguishing the relative contribution of the age at
first coitus and the number of sexual partners to the risk of invasive cervical cancer.
The relationship between the age at first coitus and the riskof disease, for a given number
of sexual partners, would not be well described by a multiplicative model. This may have been
described empirically by Harris et al. (1980). From the sexual partnership rate alone, it can be seen
that, for a given age and number of sexual partners, relatively large variations in the age atfirst coitus
would be necessary to achieve a doubling in the riskof disease. Forexample, when age minus the
age at first coitus is a long time period relative to thevariation in the age at firstcoitus the sexual
partnership rate alters little. The ageat first coitus is likely to be more important for the studies of
sexually transmitted diseases without a long latent period. Thisvariable would be expected to be
important for assessing the riskof the earliest measurable stages of the natural history of cervical
neoplasia. Of course, the ageat firstcoitus mayalso be important due anyassociation with an
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altered biological susceptibility of the cervix to the causal agent andthen the age at first coitus would
also need to be included as a separate regression variable in the analysis.
Since the risk of a woman acquiring a sexually transmitted disease can be expected to be
largely determined by the productof her sexual partnership rate and the prevalence of infectious
men in the population. it is possible for a woman WITh a low sexual partnership rate to be at a high risk
of disease if the prevalence of infectious menis high. A small pool of infectious women commonly
frequented by most men could produce a high prevalence of infectious men in the population. The
studies above and the apparently high prevalence of dysplasia at relatively young ages suggests
that the causal agent may be quite infectious or very prevalent among men in western societies.
However. cofactors determining the infectiousness of the male or susceptibility of the female could
produce an absence of a variation in riskwith the length of sexual relationships without the causal
agent being very infectious or prevalent among men. For example, coexistent cervical ulceration
might be important in determining the susceptibility of women to the causal agent.
The relative risks of factors suchas smoking andoral contraceptive use might be better
assessed atter adjustment for the sexual partnership rateof women rather than the three
component variables separately. The riskof disease when the threevariables of age. age at first
coitus and number of sexual partners are adjusted using the methods of Mantel and Haenszel
(1959) can be shown by simulation methods to produce different relative risk estimates than
adjustment for the sexual partnership rate alone (B. Cox. unpublished).
Also, when assessing the riskof a sexually transmitted disease with a relatively long
preinvasive phase the measurement of the number of sexual partners will include some partners

atter infection who will not contribute to a woman's risk of the disease. The inclusion of partners
irrelevant to the risk of disease will decrease the strength of an association between the number of
sexual partners and invasive cervlcal cancercompared to the association between the number of
sexual partners and preinvasive disease. Empirical evidence appears to support this (Reeves et al.
1985). However, some studies of early preinvasive disease or viral infection have notfound a
strong gradient of risk with the numbers of sexual partners among women (Zaninetti 1986). This
mayoccurwhenthe sexual behaviour of menis more important in conferring the risk of disease and
may be culturally dependent.
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The inverse of the sexual partnership rate is the average length of time between sexual
partners. Onestudy hasfound that a decreased length of time between menarche andthe age at
first coitus increased the riskof invasive cervical cancer (Peters et al. 1986).
The ideathatthe sexual partnership rate of women, especially before the average age of
the development of preinvasive disease, might be the appropriate variable of interest requires
further discussion and assessment which would be possible by reanalysis of existing case-control
studies (Harris et al. 1980; Reeves et al. 1985; Peters et al. 1986; Brinton et al. 1987). The degree
to which this altered analytical approach may affect the relative risk estimates of the known risk
factors could then be determined.
1.2.4.

Screening
Petersen (1956) showed that cervical dysplasia and carcinoma in situ progressed to

invasive cervical cancer in some women. Stern and Neely (1963) found thatdysplasia often
progressed to carcinoma in situ. By the mid-1950's some pathologists andclinicians feltthat this
was enough evidence for them to advocate widespread screening of the female population to
prevent most, if not all, invasive cervical cancer. Otherdoctors were more cautious and sought more
evidence about the natural history of these preinvasive cervical abnormalities andthe efficacy of
cervical screening. Bythe early 1960's some doctors believed strongly thatwidespread cervical
screening should be introduced immediately and, where theywere able, expanded cytology
services accordingly and popularized cervical screening among the medical profession andthe
general population. Doctors mostactively participating in screening programmes strongly believed
that abnormal cytology was a preinvasive condition for cervical cancer and that cervical screening
could reduce the mortality of cervical cancer. Thisviewwas notuniversally accepted (Green 1966).
No randomized controlled trial of cervical screening has everbeen performed. Thiswould
have established whether cervical screening reduced cervical cancer mortality but by the mid1960's a randomized controlled trial was considered to be unethical (Knox 1966). Therefore, the
evidence that cervical screening was worthwhile relied: on showing favourable reductions in
mortality as screening became widespread, on correlation studies of screening activity with reduced
cervical cancer mortality and incidence andon the biological plausibility of the observations of the
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pathological process. The long lead time between the detectable preclinical phase of cervical
cancerobtained by the screening procedure and the poor recording of screening activity meant that
it wasdifficult to show conclusively that cervical screening was beneficial (Knox 1966).
Ahluwalia and Doll (1968) assessed the mortality rates from cervical cancer in Canada and
were unable to show that cervical cancermortality in the province of British Columbia had been
influenced by the relatively high level of screening activity in that province. By 1973 (Kinlen and Doll
1973) some small advantage from screening for women 45 to 64 years of age appeared to be
emerging in British Columbia. However, the mostheavlly screened population was women 20 to 44
years of age. Screening young women with their more favourable prognosis could be expected to
make the least impact on mortality rates while noticeably influencing incidence rates. Some studies
of the incidence of cervical cancershowed some favourable effects of cervical screening (Boyes et
al. 1962; Fidler et al. 1968; Cramer 1974).
In 1976the Walton Report (Canadian Task Force 1976) reviewed the epidemiological
evidence concerning the impactof cervical screening. Theyfound that the incidence of cervical
cancer had not been measured over a sufficient time period andthe population screened had not
been sufficiently defined to conclude that any small favourable effects on cervical cancer incidence
were due to the screening programmes in Canada. However, theywere able to show a relationship
between the percentage decline in the mortality rates of cancer of the uterus andthe intensity of
screening among the provinces of Canada.
Hakama (1982) and Laara et al. (1987), by evaluating thetrends in cervical cancer among
the Scandinavian countries found strong evidence that countries with well organized screening
programmes covering a largeproportion of the population at risk had experienced the most
pronounced declines in the incidence and mortality of cervical cancer. The evidence of the
effectiveness of cervical screening is now difficultto refute.
More precise estimation of the protection conferred by cervical screening has been made
by evaluating the risk of cervical canceramong screened andunscreened women within screening
programmes (IARC Working Groupon Cervical Cancer Screening 1986). The relative protection
(the inverse of the relative risk) from at least two previous negative smears decreased rapidly asthe
time interval since the last smear lengthened, from 15.3for a negative smear within the last 12
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months to 2.8for a negative smear between 4 and 5 years previously (IARC Working Group on
Evaluation of Cervical Cancer Screening Programmes 1986). Much smaller and more inconsistent
protection was apparent for the interval since the lastnegative smear for women who hadhad only
one previous negative smear. When assessing potential confounding by screening of associations
withcervical neoplasia or invasive cancer, more variables than thetime since the last cervical smear
may need to be included. However, those studies that have triedto control for the effects of
confounding from screening history have usually onlyadjusted for the time since the lastsmear
(Peters et al. 1986; Brinton et al. 1987), the number of previous smears (LaVecchia et al. 1986), or
whether a women hashada smear (World Health Organisation Collaborative Study of Neoplasia and
Steroid Contraceptives 1985b). Some studies have partially assessed the effects of screening
frequency by excluding women who have never hada smear (Ebeling et al. 1987). Also, some
cohort studies have required two previous negative smears before women could be included for
study and were therefore able to study the incidence of preinvasive disease (Peritz et al. 1977;
Swan and Brown 1981).
The degree of relative protection obtained from recent screening has not been found to be
appreciably modified by variables measuring a woman's sexual activity (Peters et al. 1986; Brinton et
al. 1987; Wangsuphachart et al. 1987; Ebeling et al. 1987).

Studies within well organized screening programmes, where screening history canbe
accurately determined and is not dependent on a woman's recall, would be expected to provide the
best control of confounding from the screening history of women. Alternatively, studies in
unscreened populations could be done, however, these are becoming fewer and smaller.
1.2.5.

Contraceptive use
1.2.5.1. Ora! contraception
Factors that appear to have much weaker associations withcervical neoplasia and invasive

cervical cancer thanthe measures of the sexual behaviour of women and men and the previous
screening history of women are difficult to establish as causal factors. Anyincomplete measurement
of these strong potential confounding factors and associations of these variables with oral
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contraceptive use maynot allow confounding to be adequately removed in the statistical analysis
adopted, making any inference that oralcontraceptive use is causally associated withinvasive
cervical cancer difficult (00111985). Also, when assessing the risk of cervical neoplasia from oral
contraceptives, women who have never had a male sexual partner andaretherefore least likely to
seek oral contraception, andbe at negligible riskof the disease, should be excluded from the
analysis. Alternatively, if the method of analysis can notsatisfactorily adjust for the extremely lowrisk
of disease among this groupof women who are unlikely to have used oralcontraception among the
control group, a spuriously increased riskof disease withoralcontraceptive use may be found. The
degree of bias introduced could be important for marginally elevated relative riskestimates for oral
contraceptive use.
Synergism between oral contraceptive use andotherrisk factors for cervical cancer has
been commented upon (Swan and Brown 1981; Brinton et al. 1986a; Wangsuphachart et al. 1987).
However, several studies have shown an association of oralcontraceptive use andcervical
neoplasia afteradjustment for many, but seldom all, of the other major riskfactors for thedisease
(Harris et al. 1980; Vessey et al. 1983a; World Health Organisation Collaborative Study of Neoplasia
and Steroid Contraceptives 1985b; Brinton et al. 1986a; Irwin et al. 1988). These studies have also
shown an increased riskof cervical neoplasia withincreasing duration of oral contraceptive use.
These two measures, everuse and duration of use,of oralcontraception arethe main measures of
exposure required. An increased riskof cervical cancer with an increasing duration of use of oral
contraception is supportive evidence of a causal association but dose-response relationships may
occurfrom confounding by othervariables. Estimates of the relative riskof cervical neoplasia from
any oral contraceptive use have seldom been greater than 2.0. The longest category for duration of
use studied hasbeen 10 or more years. Irwin et al. (1988) found that adjustment for the time since
lastuse of oral contraception removed the observed relationship of carcinoma in situ and the
duration of use. Thatis, recent usewasthe more important risk factor for carcinoma in situ rather
than duration of use of oral contraception. This might result fromincreased detection rather than an
increased prevalence of cervical neoplasia among oralcontraceptive users. In some studies
however (Brinton et al. 1986a), recent use of oral contraception was correlated withthe duration of
use and, of these two variables, duration of use appeared best able to explain the increased riskof
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cancer with the useof oralcontraceptives. The verysmall study by Buckley et al. (1981) found
opposing associations between the risk of invasive and preinvasive disease from oral contraceptive
use. Similar opposing associations between the risk of preinvasive disease and invasive cervical
cancer fromoralcontraceptive use were thought to be dueto detection bias in a Costa Rican
population (Irwin et al. 1988).
Because of the many potential detection biases associated with studies of cervical
neoplasia and oral contraceptive use, studies of invasive cervical cancer maybe preferred (Swan
and Pettltl 1982). However, exposures related to the initiation of carcinogenesis rather than
modifying influences on the natural history of the disease may be better assessed by evaluating
preinvasive disease. Oral contraception usually requires a doctor's prescription in developed
countries. Therefore, health service and personal characteristics such as socioeconomic status or
geographic location may need to be considered in the analysis of studies of oral contraception and
cervical neoplasia.
A summary of the relative risk estimates found from studies of oral contraceptive use and
cervical neoplasia is given in table 1.2.
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Table 1.2. Summary of the relative risk estimates for cervical cancer and oral
contraceptive use and whether listed confounding variables were considered.
Reference

Numberof
oartners

Male partners'
oartners

Screening

Smoking

RRt

Invasive cancer
WHO(1985b)
Brinton et al.(1986a
Reeves et al.(1985)
Peters et al.(1986)
Buckley et al.(1981)
Wangsuphachart

Yes
Yes
Yes
Yes
Yes

No
No
No
No
Yes

Yes·
Yes
Yes
Yes
No

No
Yes
No
Yes
Yes

0.9-1.5 S
1.3-2.0 S
1.9
1.0
0.4

et al.(1987)

Yes
Yes

No
No

Yes
Yes

No
Yes

N.S.
1.5

No

No

Yes

Yes

0.7

No
Yes

No
No

No··
Yes

No··
Yes

S
0.8

Yes
Yes
Yes
Yes

No
No
Yes
No

Yes
No
No
Yes

Yes
Yes
Yes
No

1.7
0.8-2.1 S
2.4
1.2

Yes
Yes

No
No

No
No

No
No

1.7
0.6

Yes

No

Yes

No

0.9

No
Yes

No
No

No"
Yes

No**
Yes

0.8-3.2 S
1.6 S

Ebeling et al.(1987)
Celentano et al.
(1987)
Vessey et al.
(1983a)
Irwin et al.(1988)
Neoolasia
Clarke et al.(1985)
Harris et al.(1980)
Buckley et al.(1981)
Wright et al.(1978)
Swan and Brown
(1981) - incident
- prevalent
Zaninetti et al.
(1986)
Vessey et al.
(1983a)
Irwin et al.(1988)

Ever versus never screened only.
See text.
When a significant dose-response relationship was found, the range of relative risksfound
t
from low to higherlevelsof exposure are given.
N.S. Not statistically significant (p» 0.05) - no estimate given.
S
Statistically significant (p« 0.05).
*

.*
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Table 1.3 shows some of the characteristics of the studies of oral contraception and
invasive cervical cancerlisted above.
Table 1.3. Summary of some of the characteristics of studies of invasive cervical
cancer and oral contraceptive use.
Study

Comparison orouo

Participation ratio*

P/I**

WHO(1985b)
Brinton et al.(1986a
Reeves et al.(1985)
Peters et al.(1986)
Buckley et al.(1981)
Wangsuphachart

All users
All users
All users
All users
All users

98%/86%
73% I 71%

Separately
Combined
Combined
Combined
Combined

No
No
No
t
No

et al.(1987)

All users
All users

97%/98%

tIt

Combined
Combined

No
No

All users

68%/t

Combined

No

IUDusers
All users

67%/93%

t

Combined
Combined

No
No

Ebeling et al.(1987)
Celentano et al.
(1987)
Vessey et al.
(1983a)
Irwin et al.(1988)
*

**

t
tt

..

42%/t
48%/t
54%/54%

Hvsterectomvtt

..

Ratio of the proportion of eligible cases to eligible controls without hysterectomy Included
the analysis.
Prevalent or incident cases of invasive cervical canceranalysed separately or combined.
Not given or in Vessey et al. (1983a) lossesto cohorts not given but appearto be small.
Whether control subjects with hysterectomy included.

In

Because of the importance of any association between oral contraception and cervical
neoplasia, some of the most important studieswill be discussed in more detail.
None of the studies appearto have included control subjects with hysterectomy. This
seems appropriate. When controls exclude women who have had a hysterectomy then cases of
cancer of the cervical stump should be excluded as cases.
Many of the studies listed in table 1.3 assessed the contribution of the use of different
methods of contraception, in particular barrier methods, to the risk estimates obtained (World Health
Organisation Collaborative Study of Neoplasia and Steroid Contraceptives 1985b; Brinton
1986a; Peters

et al.

et al. 1986). Since barrier methods of contraception appear protective for cervical

cancer and the use of barrier methods of contraception has been more likelyamong controls than
cases, the risk of cervical cancerfrom oral contraceptive use could be overstated.
Some of the studies have used hospital controls (Buckley

et al. 1981; World Health

Organisation Collaborative Study of Neoplasia and SteroidContraceptives 1985b; Ebeling
1987) and others neighbourhood controls (Reeves
1986; Celentano

et al.

et al. 1985; Brinton et al. 1986a; Peters et al.

et al. 1987)for the comparison group. In the study of Reeves et al. (1985) some
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of the women with invasive cancer selected had died before interview. Also women had difficulty
providing information on the type of oral contraceptive used andthe duration of use. Irwin et al.
(1988) interviewed women up to 3 years afterthe diagnosis of invasive cancer. Forthe study by
Peters et al. (1986), 31% of cases were ineligible because they haddied. Some of the cases were
unable to be interviewed because they had moved, could not be located, or refused to be
interviewed. When a proportion of cases can not be interviewed because they have died,
characteristics associated with survival afterdiagnosis can bias the results obtained. Forexample,
early detection through screening (Funch 1986) alters survival afterthe diagnosis of cervical cancer.
This may have lead to an overestimate of the relative risk in some studies (Reeves et al. 1985;
Peters et al. 1986) if oral contraceptive use was associated with early detection. In the study by
Ebeling et al. (1987) women with sexually transmitted diseases or prior intraepithelial neoplasia were
excluded from cases and presumably also controls though this was not stated. The proportion of
eligible cases and control subjects eventually included in the analysis was not given. They only
included women who had had a previous cervical smear. In the study by Celentano et al. (1987), the
controls were nominated by the cases interviewed. Women who are eligible as control subjects but
unable to be interviewed may also be more likely to possess some characteristics similar to the
cases. Socioeconomic status, mobility and smoking behaviour are potential correlates withoral
contraceptive use. This adds to the difficulties in the interpretation of small increases in the relative
risk of invasive cancerfrom oral contraceptive use. When eligible control subjects thatpossess
characteristics similar to cases have not been included the risk of cervical cancer associated with
these characteristics may be overstated.
The World Health Organisation Collaborative Study of Neoplasia and Steroid
Contraceptives (1985b) found a small increased riskof invasive cervical cancer withtheuseof oral
contraception and a small increase in riskwith increasing duration of use. However, adjustment for
previous sexually transmitted diseases was measured by a history of vaginal discharge. This was the
only variable to measure the riskof invasive cervical cancer that might have been dueto the sexual
behaviour of the malepartners of the women studied. The relative riskof invasive cervical cancer for
oral contraceptive use was 0.87for women reporting a history of vaginal discharge and 1.28 for
women not reporting a history of vaginal discharge. This interaction between contraceptive use and

26
reporting a history of vaginal discharge is noteasily explained but might be dueto biased estimates
of relative risks from anypossible non-differential misclassification (Greenland 1980; Kupper 1984)
of vaginal discharge. Also, oral contraceptive useandpreclinical cervical abnormalities may be
expected to produce occasional vaginal discharge resulting in the detection of preinvasive disease
so thatthe risk of invasive disease among women who report a history of vaginal discharge might be
decreased.
Male sexual behaviour might confound the relationship of oralcontraception or smoking
andcervical neoplasia if women using oralcontraception or whosmoke chose male sexual partners
whotended to have had a greater number of sexual partners. This might be most pronounced in
countries where the riskof cervical cancer is thought to be determined by the sexual behaviour of
men rather than women (Skegg et al. 1982). The cases of invasive cervical cancer in theWorld
Health Organisation study were mainly from developing countries, andoverhalfof them from
Thailand alone, where the riskof cancer maybe predominantly related to the sexual behaviour of
men.
Brinton et al. (1986a) have attempted to assess whether exposure to oral contraceptives
alters the existing natural history of cervical cancer or acts as an initiator of cancer. They assessed
the risk of cervical cancer from exposure to oralcontraception among women with and without a
history of non-specific genital infection (or sore) and those with and without prioruseof barrier
methods of contraception. Theyfound that the riskof invasive cervical cancer fromexposure to oral
contraception was highest for women who hadnot used barrier methods of contraception, were
under35 years of age, and had a history of non-specific genital infection or sore. Brinton et al.
(1986a) considered that thiswas evidence for a possible co-carcinogenic action of oral
contraceptive exposure. However, a history of non-specific genital infection maybe dependent on
the sexual history of the male sexual partners of women. Ebeling et al. (1987) found that any
increased riskof invasive cervical cancer and oral contraception was restricted to women whowere
lessthan 25 years of age when first using oralcontraception. The sexual partnership rate for women
andthe prevalence of infectious male sexual partners may be highest for women under 35 years of
age.
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The World Health Organisation study has also been criticized for not including smoking
behaviour as a variable of interest (Jacobson 1985) which has been suspected to be an
independent riskfactor for cervical cancer (Winkelstein et al. 1984). Hellberg et al. (1986) found that
smoking andcontraceptive methods can be associated. In the World Health Organisation study,
users of oralcontraception were shown to be more likely to report having hadPapaniclaou smears
and, while more likelyto have hadpreinvasive disease diagnosed and invasive disease prevented,
they mayalso be more likely to have had asymptomatic invasive disease diagnosed. In countries
where cervical screening is a new or expanding service it is likely to have more impact onthe
detection of asymptomatic invasive disease than on preventing the development of invasive
disease (because of the average lead time fromthe preclinical detectable phase to invasive cancer).
This could mean that cases among oralcontraceptive users were more likely to represent both
prevalent and incident cases of invasive cervical cancer than non-users. However, the doseresponse gradient for the risk of cervical cancer with increasing duration of oralcontraceptive use
persisted for women whodid not report having had a cervical smear. Wangsuphachart et at. (1987)
reported part of the Thaisectionof the World Health Organisation study of oralcontraceptive use
and invasive cervical cancer. The World Health Organisation stUdy is now being extended in
Thailand, with collection of information about smoking habits and the sexual behaviour of male
partners. Women and men are also being asked to provide blood samples, to enable serological
tests for previous sexually transmitted diseases (D.e.G. Skegg, personal communication).
Brinton et al. (1986a) found thatwomen whodid notreport having had a cervical smear
within the ten years before diagnosis or interview were much lesslikely to report having been
exposed to oral contraceptives, but that duration of exposure among women exposed was not
associated with recent screening history. This suggests a greater screening frequency among
users of oralcontraception in this study. The patient's memory for thetime since the last cervical
smear might have been more accurate for the cases thanthe controls, withcontrols tending to
underestimate thetime since their last smear (Waiter et al. 1988). Whether this varied with use of
oral contraception was not reported by Waiter et al. (1988). If it did, adjustment for the potential
confounding of screening history might then tend to overstate oralcontraceptive use among cases.
Brinton et al. (1986a) found an increased riskof invasive cervical cancer among ever-users

28
of oral contraception and an increased riskwith increasing years of use. Theyalso found that users
of 'high oestrogen potency' pillswere at higher riskof cervical cancer than users of 'Iow potency'
pills.
While no statistical interaction in the logistic regression model between oralcontraceptive
use and cigarette smoking was observed by Brinton et al. (1986a), this does notpreclude
substantial synergism occurring (Blot and Day 1979). Brinton et al. (1986a) wereconcemed that
detection bias among users of oral contraceptives might have occurred, but did not determine
whether cases were symptomatic or asymptomatic (screen detected). Also, despite a matched
case-control design unconditional logistic regression wasused for the analysis. If exposure to oral
contraception both varied withthe riskof cancer and the matching factors, as might be expected for
age, some bias in the estimates might have resulted fromthismethod of analysis (Rothman 1986).
Celentano et al. (1987) found that oralcontraceptive use was notassociated with any
increased risk of invasive cervical cancer in Maryland inthe United States andthatthe use of vaginal
spermicides wasprotective. Buckley et al. (1981) also found thatoral contraceptive usewas not
associated with an increased riskof invasive cervical cancer after adjustment for the numbers ot
sexual partners of the husbands of women reporting onlyhaving hadonesexual partner. However,
adjustment for screening history was not done.
Most early studies did not find an association between useof the oral contraceptive pill and
cervical neoplasia (Worth and Boyes 1972; Thomas 1973; Boyce et al. 1977; Fasal et al. 1981).
Fasal et al. (1981) included women with hysterectomy in theircontrol group because of the relatively
high prevalence of subtotal hysterectomy among the eligible controls contacted. Boyce et al.
(1977) did notfind anyincreased riskof cervical neoplasia with either mestranol or ethinyl oestradiol
use. They also found no increased riskwith duration of use. Studies of preinvasive disease have
been inconsistent in showing an increased riskof cervical neoplasia withthe useof oral
contraceptives (Brinton and Fraumeni 1986). Conflicting results can be expected dueto the
difficulties of measurement and separation of keyvariables inthe analysis (Swan and Pettiti 1982).
Swan and Brown (1981) found that the relative risk of carcinoma in situ withoralcontraceptive use
was different between prevalent cases and incident cases in theircase-control study within the
cohort study of Peritz et al. (1977). Theyfound a suggestion of a dose-response effect for oral
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contraceptive use among the incident but notthe prevalent cases of carcinoma in situ. Peritz et al.
(1977) were unable to adjust for sexual behaviour and reported an increased riskof histologically
confirmed cervical neoplasia with the useof oralcontraception. Anyincreased sensitivity of the
cervical smear among women using oralcontraception, perhaps because of a shiftin the
transformation zone of the cervix, could have also biased the result. However, changes in the
sensitivity of the screening procedure for women usingoral contraception have notbeen studied.
A cohort study by Andolsek et al. (1983) did notfind an increased incidence of invasive cervical
cancer among oral contraceptive users, but losses to follow up were high overthe period studied.
In the cohort study of Vessey et al. (1983a) comparing two sexually active cohorts of
women, while no adjustment for the confounding variables of the sexual behaviour of women was
possible, it was suggested fromthe results of a subsample that differences in the sexual behaviour
of women between the two cohorts might not explain the differences in the cumulative incidence of
cervical dysplasia observed (Vessey et al. 1983b). Also, in this study adjustment for all screening
smears was not possible butthere was some evidence thatthe screening frequency was similar in
the two groups. However, slightly more oralcontraceptive users than IUD users had nothada
cervical smear before entry into the study (Wright et al. 1978). Pillusers were heavier consumers of
cigarettes, had a slightly earlier average age at first intercourse and hadslightly more sexual partners
on average than IUDusers (Vessey et al. 1983b). A dose-response relationship for oral
contraceptive use was significant for dysplasia only anddid not appear to be influenced by cigarette
smoking (Vessey et al. 1983b). The exposed cohort in this study were exposed to slightly higher
concentrations of oestrogen in the oral contraceptive pills used than may have been experienced
by other populations studied more recently. The oestrogen content of contraceptive pills has
tended to decline overthe lastten years andduration of use could be correlated with the yearof
initial exposure. Thus, an increased risk of cervical cancer with anincreased duration of use of oral
contraception might reflect an elevated riskof cervical neoplasia from earlier oralcontraceptive pills.
The major criticism of this study has been the inability to control adequately for measures of
sexual behaviour among the women or theirpartners. The 1O-year follow up period is a relatively
short period of time for the natural history of cervical cancer to express itself, however the
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progression of dysplasia to carcinoma in situ may be more likely when combined with exposure to
oral contraception (Stern et al. 1977). If exposure caused an enhanced progression rate alone,
exposure wouldproduce a relative deficitof cases of invasive disease after a follow up period
greaterthan the median lead time gained by screening for the preclinical detectable phase of
cervical cancer. The overall riskof invasive cervical cancer would notthen be altered since cases
would just appear sooner andthe risk ratio would initially be higher and subsequently be lowerthan
expected with increased duration of exposure. However, if exposure resulted in an increased
proportion of preinvasive abnormalities progressing to invasion the median lead timewould remain
unaltered but the overall risk of cervical cancerwould be increased. These two possible effects on
the natural history of cervical neoplasia from oral contraceptive use may be assessed for preinvasive
disease. It is also possible that, rather than promoting the progression of preinvasive disease, oral
contraceptive use alone is a carcinogen (as diethylstilboestrol has been thought to be for clearcell
adenocarcinoma of the vagina) though this seems unlikely. Whether oral contraceptives, their
metabolites, or the changed hormonal environment: alterthe natural history of cervical cancer after
initiation by some agent, increase the chance that exposure to a carcinogen will initiate cancer or can
be an initiatorof cervical neoplasia alone needs further study.
If human papillomaviruses types 6, 11, 16 and 18,for example, can induce cervical dysplasia
but only those most likely to be sexually transmitted are found to cause progression to invasive
canceror advanced preinvasive disease and oral contraceptive users were most likely to have
highernumbers of sexual partners, progression of dysplasia would appear to be more common
among oral contraceptive users.
The uterine cervix, like many human tissues, contains oestrogen receptors and is underthe
influence of changes in the hormonal environment. Stern et al. (1977) have suggested that the
probability of progression to more severe lesions is greater for women with milddysplasia using oral
contraception. It has been suggested that oestrogen receptor status may influence survival among
women with invasive cervical cancer (Potish et al. 1986). If oral contraception can influence
progression of preinvasive disease it is possible it also affects invasive disease. It is conceivable that
some cellular elements of a tumour could be altered permanently by exposure to some exogenous
oestrogens. A lengthy time since exposure would be desirable to study the risk of invasive cervical
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cancer from exposure to oral contraception. However, most recent studies would be expected to
have had enough years since exposure in the early 1960's to assess this risk.
One study hasshown an increased riskof adenocarcinoma of the cervix with the use of oral
contraception, however the only other study did not corroborate this finding. Both studies had very
lowstatistical power to detect even a large increase in riskwith oralcontraceptive use. They are
summarized in table 1.4.

Table 1.4. Summary of the relative risk estimates for adenocarcinoma of the
cervix and oral contraceptive use and the confounding variables considered.
Reference

Number of oartners

Parazzini et al.
(1987)
Brinton
et al.(1986)

t

Male oartners' oartners Screenina Smokina

RRt

Yes

No

No

Yes

0.8

Yes

No

Yes

No

1.0-3.9

The range given IS the range of relative nskestimates found with Increasing duration of use.
Brinton et al. (1986a) have shown an increased risk of adenocarcinoma of thecervix among

long-term users of oralcontraception butthe estimated relative riskof 3.9 among long-term users
was based on just 6 cases. Thiswas notconfirmed by Parazzini et al. (1988). The World Health
Organisation Study of Neoplasia and Steroid Contraceptives(1985b) with 56 cases of
adenocarcinoma of the cervix did not consider them sufficient to assess separately from squamous
tumours but no further explanation was given. The results of Brinton et al. (1986a) may partly
explain the observed increase in the incidence of adenocarcinoma of the cervix among young
women in the United States (Peters et al. 1986; Schwartz and Weiss 1986) andin England (Chilvers
et al. 1987). Brinton et al. (1986b) did notfind anyincreased risk of adenocarcinoma of the cervix

among cigarette smokers.
Ideally studies of oral contraceptive use and cervical cancer should: concentrate on invasive
disease, be performed eitherwithin organized screening programmes where the screening history
can be precisely measured or among unscreened populations, record boththe number of sexual
partners and age at first intercourse of women andrecord the sexual history of the husbands of
married women. This is difficult to achieve but evaluation dependent on many studies where all of
these variables can notbe fully assessed will notbe satisfactory. The proportion of controls initially
selected for case-control studies who are subsequently included should be high because women
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who are hardest to trace or interview may be more likewomen with cervical cancer and possess
similar characteristics. Their exclusion maytend to bias results toward small excess risks for those
characteristics they have in common with the cases. Risk factors for invasive disease may be
associated with exposure to cancer initiating agents, inhibiting agents or promoting agents.
Differences between the riskfactors for incident preinvasive disease andinvasive disease need to
be assessed, preferably within the same study protocols. The risk factors for the causes of
preinvasive disease, by studying incident cases, should be separated from studies of the effects of
agents on the natural history of preinvasive disease, by studying prevalent cases or the follow up of
incident cases to an acceptable end point. Apart fromthe variables known to be associated with the
riskof exposure to a sexually transmitted agent, riskfactors may affect progression, regression or a
static state of preinvasive disease.
Colposcopic evaluation of normal and abnormal cervices may helpto refine the case-control
studies of preinvasive disease as well as assessing previous exposure to possible carcinogenic
agents suchas human papillomavirus subtypes. Also, exposure to human papillomavirus subtypes
can nowbe determined fromcervical smears (Young et al. 1989).
1.2.5.2. Barrier methods of contraception
Wright et al. (1978) found that use of the diaphragm protected women fromcervical
neoplasia. Otherstudies (Lombard and Potter 1950; Aitken-Swan andBaird 1966; Rotkin 1967a;
Martin 1967; Melamed et al. 1969; Worth and Boyes 1972; Harris et al. 1980; Fasal et al. 1981;
.Peters et al. 1986) have found that invasive cervical cancer or cervical neoplasia were lesscommon
with diaphragm or condom use. Jones et al. (1958) in a case-eontrol study of 429women with
invasive cancer and 429 controls did not find barrier methods of contraception protective. The
cohort study of Melamed et al. (1969) had much higherlosses to follow up among the referent
group of oralcontraceptive users. The use of vaginal spermicides might lower the risk of preinvasive
disease (Celentano et al. 1987). Use of vaginal spermicides is often associated withdiaphragm use.
Recent studies (Harris et al. 1980; Peters et al. 1986) have also found thatdiaphragm or
condom use and sometimes intravaginal jellies or foams may be associated witha decreased riskof
invasive or preinvasive disease. Again this association hasnotbeen consistent (Reeves et al.
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1985; Brinton et al. 1986a; Wangsuphachart et al. 1987). Peters et al. (1986) found an increased
protection from invasive cervical cancer with increasing duration of condom use anda suggestion of
a similar weaker relationship with diaphragm use. Harris et al. (1980) found a significantly decreased
risk of cervical dysplasia with duration of diaphragm usebut notfor carcinoma in situ.
The protective effect of barriermethods of contraception is bioJogicJly plausible and appears
to have been substantiated by several epidemiological studies. Theuseof barriermethods of
contraception appears to protect against cervical neoplasia but the exact extent of this reduced risk
hasbeen variable. Contraception requiring relatively high motivation maybe lessconsistently used
resulting in a wide variation in the observed measure of its effect on cervical cancer risk.
1,2,5,3, Other methods of contraception

Cervical atypia mayoccur dueto mild irritation of the cervix fromthestring attached to an
IUD. However, no studies appear to have found increased risks of cervical neoplasia or invasive
cancer among IUD users (Worth and Boyes 1972; Peters et al. 1986; Wangsuphachart et al. 1987).
Intrauterine device users have been used as a reference group for assessing the risks
associated with otherforms of contraception (Wright et al. 1978; Vessey et al. 1983a).
Depot medroxyprogesterone acetate (DMPA) is an injectable contraceptive which has been
assessed by the World Health Organisation for a possible association withinvasive cervical cancer
(World Health Organisation Collaborative Study of Neoplasia and Steroid Contraceptives 1984).
This study found an overall relative riskof 1.1 for invasive cervical cancer from exposure to DMPA.
However. a significantly elevated relative riskof 2.2 (World Health Organisation Collaborative Study
of Neoplasia and Steroid Contraceptives 1985a) was found for long-term users of DMPA (use
greater than5 years) but a more recent report of this study failed to finda significantly increased risk
of cervical cancer among users of DMPA (World Health Organisation 1986c). However, an
increased riskamong longer-term users of DMPA (5 or more years of use) was found among women
lessthan 45 years of ageandwomen using DMPA before 30 years of age. These increased relative
risks could have been due to incomplete adjustment for confounding variables or otherbias. The
authors also consider thatthe cervix maybe more susceptible at younger ages (World Health
Organisation Collaborative Study of Neoplasia and Steroid Contraceptives 1985b). However, the
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importance of exposure before 30 years of age would suggest that, if DMPA does induce an
increased risk, it affects the risk of having preinvasive disease rather than progression of the
disease. A smaller study also found no increased riskof cervical cancer among DMPA users (Oberle
et al. 1988).

Dabancens et al. (1974) foundthat the prevalence of cervical neoplasia among users of
DMPA and chlormadinone acetate was higherthan among IUD users but that the incidence of
cervical neoplasia aftera negative smearwas not increased. Powell and Seymour (1971) also found
a higherprevalence of cervical neoplasia among DMPA users but thiswas attributed to the greater
prevalence of riskfactors for cervical neoplasia among the DMPA users. None of the studies of
DMPA use andcervical neoplasia have assessed anypossible synergism with smoking prevalence
or the sexual behaviour of male partners.
Rotkin (1967a) and Celentano et al. (1987) found thatthe use of intravaginal jellywas
associated with a decreased riskof cervical cancer. However, otherstudies (Wright et al. 1978;
Reeves et al. 1985) have notfound any altered riskof cervical neoplasia from the use of vaginal
lubricants. Swan and Brown (1981) includedvaginal spermicides as barrier methods of
contraception which werefound to be protective against cervical neoplasia. Peters et al. (1986)
found vaginal spermicide usewas protective with a 5-fold relative protection from 10 or more years
of use.
Swan and Brown (1979) have suggested that women whose partners have not had a
vasectomy may be at increased risk (relative risk 4.6) of cervical neoplasia. Harris and Scott (1979),
after adjusting for the number of sexual partners a woman had had, have confirmed this butthe
association appeared confined to womenwho have had more thanone sexual partner. Men who
have had a vasectomy are probably a very select group whose sexual behaviour may confer a
relatively low riskfor theirfemale sexual partners.
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1.2.6.

Smoking

Winkelstein (1977) and Winkelstein et al. (1984) have proposed a causal association
between cervical cancer and smoking. It has been shown that metabolites of cigarette smoke are
detectable in the cervical mucus of smokers at higher levels than non-smokers (Sasson et aJ. 1985;
Schiffman et aJ. 1987; Hellberg et al. 1988). Harris et aJ. (1980) found a significant association
between cervical neoplasia and smoking. Buckley et aJ. (1981) found that the sexual behaviour of
women or their husbands did not explain the increased riskof invasive cervical cancer among exsmokers and currentsmokers of cigarettes. Though adjustment for the screening history of women
was not done, a large relative risk of 7.9 with current smoking for invasive cervical cancer was found
after adjustment for the numberof sexual partners reported by the husband in this small study.
Since the studies of Harris et al. (1980) andBuckley et al. (1981), the riskof cervical cancer
from smoking has been examined in closerdetail.
Table 1.5 summarizes the results of the studies of cervical cancer and cigarette smoking.
Whether the effects of the variables listed across the top of the table have beenconsidered or
adjusted for in each study is indicated withinthe table.
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Table 1.5. Summary of the relative risk estimates for cervical cancer and smoking
and whether the listed potential confounding variables were considered.
Study

Screening

Contra. *

Number of
partners

Male partners'
partners

Yes
Yes
t
Yes
Yes
Yes

No
No
t
No
Yes
No

No
Yes
t
Yes
No
Yes

No
Yes
t
Yes
Yes
Yes

N.S.
1.1-2.4 S
t
4.2 S
6.1 S
1.3

No

No

Yes

Yes

1.0

No

No

No

Yes

0.8-3.5

Yes
Yes

No
No

Yes
Yes

Yes
No

1.8
0.7-2.7 S

RRtt

Invasive cancer
Martin(1967)
Brinton et al.(1986b
Reeves et al.(1985)
Peters et al.(1986)
Buckley et al.(1981)
Ebeling et al.(1987)
Celentano et al.
(1987)
Greenberg et al.
(1985)
La Vecchia et aJ.
(1986)
Nischan et al.(1988)

J

Neoplasia
Clarke et al.(1985)
Harris et al.(1980)
Buckley et al.(1981)
Lyon et al.(1983)
Hellberg et al.
(1986)
Greenberg et al.
(1985)
La Vecchia et al.
(1986)
Zaninetti et al.
(1986)
Zunzunegui et al.
(1986)

Yes
Yes
Yes
Yes

No
No
Yes
No

Yes
No
No
Yes

Yes
Yes
Yes
No

1.7 S
2.2-2.5 S
6.8 S
6.6 S

Yes

No

No

Yes

**

No

No

No

Yes

1.0-2.1 S

Yes

No

Yes

Yes

0.9-2.7 S

Yes

No

Yes

No

N.S.

Yes

Yes

No

No

N.S.

Assessment of, or adjustment for, contraceptive use done.
Significant (p< 0.05) but the relative risk was notthe outcome measure of the study.
Stated as not significant and no estimate or other information given.
t
tt When a significant dose-response relationship wasfound (p<0.05), the range of relative
risksfound from lowto higher levels of exposure aregiven.
N.S. Not statistically significant (p> 0.05) - no estimate given.
S
Statistically significant (p< 0.05).

*

**

Martin (1967) did notfind any increased riskof invasive cervical cancer associated with
smoking habit. Brinton et al. (1986b) found associations between smoking, the number of sexual
partners of women andthe age at first intercourse of women. Also, the increased riskof cervical
cancerwas greatest for recent and continuous smokers. Theuse of non-filter cigarettes among
smokers appeared to increase the riskof invasive cervical cancer.
Two of the studies of invasive cervical cancer in table 1.5 (La Vecchia et al. 1986; Nischan et
al. 1988) havefound weaktrends in risk with increasing duration of exposure and significant
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elevations in riskamong some subgroups. Both Lyon et al. (1983) and Clarke et al. (1985) have
shown an increased riskof cervical dysplasia for women whosmoke after some adjustment for
sexual activity and screening frequency. They concluded that smoking mayhave a direct effect on
cervical carcinogenesis and not be a confounder dueto an unrecognized association with sexual
behaviour. Lyon et al. (1983) found thatthe riskof carcinoma in situ from smoking was greatest
among women 20 to 29 years of age, the youngest group studied.
La Vecchia et al. (1986) concluded thatthe risk of invasive cervical cancer appeared to
increase with earlier ageat starting cigarette smoking. Apparently independent of age at starting to
smoke, the riskof invasive cancer was increased for women whohadbeen smoking for more than
20 years. They andothers (Nischan et al. 1988) have found thatsmoking andthe number of sexual
partnerships may not be independent variables in the logistic regression model used in their
analyses.
Thomas (1973) also found an increased risk of prevalent carcinoma in situamong cigarette
smokers. However, the negative attitudes to health expressed by smoking maybe reflected by a
lower screening frequency among smokers which could increase the chance of late, rather than
ealry, preinvasive disease being detected and also increase the risk of invasive cervical cancer. Exsmokers have usually been found to have risks of cervical neoplasia between current smokers and
non-smokers.
Zunzunegui et al. (1986) found that the husband's smoking behaviour appeared to
increase the riskof cervical neoplasia for a woman butthis is unlikely to represent a causal
association. Buckley et al. (1981) found that the adjustment for the numbers of sexual partners of
women andtheir husbands reduced the relative risk of cervical neoplasia fromthe husbands'
smoking status.
Most studies have found an association between smoking habit andcervical neoplasia.
However, the large variations in the relative risk estimates describing this relationship are difficult to
explain. More consistency in the magnitude of the effect would decrease the concern that
confounding variables or the methods of analysis may explain the associations observed. However,
many of the studies listed above have controlled for many of the important potential confounding
variables.
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Smoking mayproduce significant anti-oestrogenic effects andbiological interaction is
possible (Baron 1984). Furthermore, smoking may reduce the local immunity of thecervical
epithelium (Barton et al. 1988). Further carefully designed studies are required to assess the role of
smoking in the aetiology of cervical cancer.
1.2.7.

Other risk factors

Because of the similarity of many aspects of the epidemiology of cervical neoplasia and
sexually transmitted diseases, most sexually transmitted diseases have been associated with an
increased riskof cervical cancer. A history of sexually transmitted disease allows some measure of
boththe woman's and her male sexual partners' risk of having been exposed to the agent that
causes cervical cancer. From the multitude of sexually transmitted diseases, which agent or agents
are involved in the carcinogenic process? Genital warts appear to confer the greatest riskof cervical
neoplasia for women with the result that human papillomaviruses have become the current focus of
attention (see section 1.3.1).
Circumcision of the male sexual partners of women is no longer considered to be a
protective factor for cervical cancer (Rotkin 1973). The ideathatuncircumcised male sexual partners
conferred an increased riskof cervical cancer was popular in the past butwithout good
epidemiological evidence and the methods used to determine the presence or absence of the
foreskin of the male sexual partners of women wasconsidered unreliable (Wynder 1969). However,
recent interest in the possible role of some human papillomaviruses may rekindle discussion about
the riskof cervical cancer from the uncircumcised male sexual partners of women because
uncircumcised males have a larger surface area on the penis for papillomas to develop.
Skegg and Paul (1986) have proposed that ineffective sterilization of specula by medical
staff could transmit an infectious agent to uninfected women. They stress the dangers of reusing
disposable plastic specula which are not intended for reuse. McPherson (1986) emphasized that
reusing fitting contraceptive diaphragms without adequate sterilization might also transmit infection
among women. Human papillomaviruses can be isolated fromused specula (McCance et al. 1986)
and some disinfection processes have beenusedthat are inadequate to inactivate human
papillomavirus (Boyd et al. 1987). The spread of human papillomaviruses by Objects including
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reusable vaginal specula or diaphragms seems possible unless adequate disinfection of the objects
hasoccurred (McCance et al. 1986).
Age may exert effects on the natural history of cervical cancer independent of its role as a
measure of the length of the exposure or riskperiod for the disease. The changing hormonal
environment of puberty induces cervical metaplasia at the transformation zone of the cervix Which
maybe more susceptible to dysplastic change in the presence of a causal agent thanat older ages
(Rotkin 1967b). Under this hypothesis, age at menarche could be used to measure the
approximate time period of pubertal changes rather thana precise measurement of cervical
anatomical alterations. Otherriskfactors for the neoplastic process may be age-specific in action.
Recently, some clinicians have thought progression of cervical intraepithelial neoplasia to be faster
among young women. They have reached this conclusion from predominantly anecdotal evidence
(Shield et al. 1987) but studies assessing this hypothesis have found no evidence to support it
(IARC Working Group on Cervical Cancer Screening 1986; Ashby 1987; Russell et al. 1987; Smales

et al. 1987; Milner and Watts 1987; Robertson et al. 1988; Meanwell et al. 1988). The little evidence
that the progression of some preinvasive conditions may varywith age suggests slower progression
among young women andwomen 50 or more years of age (Nasiell et al. 1983).
Stern et al. (1977) have suggested that exogenous oestrogen might increase the
progression of dysplasia to carcinoma in situ. Increased excretion of oestrogen metabolites in urine
have been found among post-menopausal women with invasive cervical cancer (Jones et al. 1958).
Cervical cancer riskis increased for women of lower social class (Kennaway 1948). The risks
from sexual behaviour, lowerexposure to screening, methods of contraception andsmoking are
likely to explain this social class gradient for cervical cancer. However, the numbers of sexual
partners of women alone maynot explain the observed social class gradient for cervical cancer and
the age at first coitus and the sexual behaviour of men maybe more important (Brown et al. 1984;
Mant et al. 1988).
It has been observed thatwomen of lower social class have a poorer survival after the
diagnosis of cervical cancer (Vagero and Persson 1987). Milner and Watts (1987) in a smaller study
found some evidence to support this. In the United States, socioeconomic and racial differences in
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survival rates for cervical cancer have been shown to be related to earlier detection among
advantaged and whitewomen (Funch 1986).
Nuns are known to have a low risk(Rigoni-Stern 1842: translated by DeStavola 1987;
Gagnon 1950; Fraumeni et al. 1969) andprostitutes a greatly increased riskof cervical cancer
(Moghissi et al. 1968).
Beral (1974) found that women married to husbands whose occupation involved periods
away from home were at increased riskof cervical cancer. Men in these occupations may be likely to
have had an increased number of sexual partners. This may also be trueof theirwives. Robinson
(1983) suggested that a husband's occupation mayincrease the riskof cervical cancer for women
through men bringing carcinogens fromwork home in theiroveralls. However, this hypothesis has
not been supported (Zakelj et al. 1984).
The most unlikely explanation proposed to explain the trends in cervical cancer has been a
change in gene frequencies (Burch 1986). However, it is possible that some genetic susceptibility
to some sexually transmitted diseases could occur. However, sexually transmitted diseases occur in
all populations where monogamy is notthe only sexual experience.
Rotkin (1967a) found that douching with coaltar products was associated with an increased
riskof invasive cervical cancer. He also found thatchemical bums associated withdouching were
more prevalent among women with cervical cancer. Neither Jones et al. (1958) norBoyd and Doll
(1964) found anyincreased riskof cervical cancer with douching. Jones et al. (1958) and Lombard
and Potter (1950) did not find any association withtype of douche used, including coal tar
derivatives. Martin (1967) found an increased riskof cervical cancer among women who douched.
Recent studies have been equally conflicting. Peters et al. (1986) found an increased riskof
invasive cervical cancer for women who douched while other studies (Wright et al. 1978; Brinton et
al. 1987) do not suggest any increased risk. Douching would be unlikely to explain the recent

increase in cervical cancer among young women observed in several countries.
The potential effects of diet on the natural history of cervical cancer have notbeen
examined in detail but some evidence exists suggesting levels of vitamin A (retinol), beta-carotene,
folic acid, or vitamin C (Brinton and Fraumeni 1986) may be inversely related to the risk of cervical
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neoplasia. However, these nutrients have a high correlation with each other(Thomas andChu
1986).
Orr et al. (1985) did not find an association between vitamin A intake or serum levels and
invasive cervical cancer. Marshall et al. (1983) found a small increased riskof cervical cancer among
women with lowervitamin A intake fromfruit and vegetables. La Vecchia et al. (1984) found some
increased riskwith a low intake of retinol frommilk. Romney et al. (1981) studied preinvasive
disease and suggested a possible role for vitamin A in the natural history of cervical neoplasia.
Bernstein and Harris (1984) found lowerlevels of serum retinol among women withcervical
intraepithelial neoplasia but not a lower dietary intake of vitamin A thancontrol women.
La Vecchia et al. (1984) found a large increasing riskof invasive cervical cancer with lower
levels of dietary beta-carotene intake. Thisstudy did not measure serum levels of retinol butwas
able to adjust the estimates for many variables including the reported sexual activity of women.
However screening history was not assessed. Orr et al. (1985) found lower serum levels of betacarotene in women with invasive cervical cancer thancontrols.
Wassertheil-Smoller et al. (1981) and Romney et al. (1985) found lower levels of dietary
intake and serum concentrations of vitamin C among women withpreinvasive disease, however
obvious potential confounding variables werenot measured. Forinvasive cervical cancer lower
plasma levels of vitamin C have been found (Orr et al. 1985) butnotlower dietary intake (Marshall et
al. 1983) for women with the disease. Brock et al. (1988) also found thatthe dietary intake of

carotenoids, vitamin C or folate was notassociated with an altered risk of carcinoma in situ. However,
high serum levels of beta-carotene wereassociated with a strong protective effect for carcinoma in
situ and that this association was strongest for non-smokers but some selection bias occurred from
the women agreeing to venepuncture.
Folic acid andvitamin C areoften contained in the same foods so measuring the separate
effects of these dietary constituents is difficult. Butterworth et al. (1982) found in a clinical trialthat
the morphology of cervical neoplasia improved withthe administration of folic acid and vitamin C in
oral contraceptive users.
With invasive cancer, it maybe argued that the disease itself could influence serum levels of
various nutrients. A modifying effect on the natural history of preinvasive disease may be possible
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through dietery nutrients. More careful studies of any dietary associations with cervical neoplasia
are needed.
Before the relationship of cervical cancerand variables associated with a sexually
transmitted agent was established it was speculated that cervical trauma might be aetiologically
important because women with highernumbers of pregnancies appeared to be at increased risk of
cervical cancer. A recent study by Brinton et al. (1987) hasfound thatthe variables associated with a
woman's sexual behaviour, cervical screening history andoralcontraceptive use may not explain the
increased risk of cervical cancer with increasing numbers of pregnancies (relative risks 1.4to 2.2).
They have speculated that hormonal influences duringpregnancy maymodify the risk of cancer.
Cervical screening during pregnancy has become routine overthe past30 years and pregnancy
may present an opportunity to screen women at high risk resulting in detection bias. But, this would
not affect the risk from higher parity among olderwomen. This association requires further
investigation.
Brinton et al. (1987) did notfind any increased riskof cervical cancer with the number of
spontaneous or induced abortions. Other studies have also not found abortion to be a risk factorfor
cervical cancer (Harris et al. 1980; Zaninetti et al. 1986). However, Reeves et al. (1985) found an
increased risk of carcinoma in situ with the numberof spontaneous andinduced abortions a woman
had had. In the lightof all the evidence, abortion is unlikely to be a risk factor for cervical cancer.
Porreco et al. (1975) and Alloub et al. (1989) have suggested that women receiving
immunosuppressive therapy may be at greatly increased risk of cervical neoplasia. However, no
studies have adjusted for the effects of previous smears or variables measuring the risk of disease
prior to immunosuppression.
Parazzini et al. (1988) found that obesity was associated withan increased riskof
adenocarcinoma of the cervix. Young age at first birth, spontaneous and induced abortions, the
numberof sexual partners, increased parity and a young age at first intercourse were also found to
be associated with an increased risk of adenocarcinoma of the cervix. The associations of riskwith
the sexual variables were also considered to be independent of the other variables underthe
logistic regression analysis used. Parazzini et al. (1988) feltthatadenocarcinoma of the cervix had
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some riskfactors in common with both cancer of the endometrium and squamous cell carcinoma of
the cervix.
The chemical diethylstilboestrol (DES) taken orallyby pregnant women wasshown to
greatly increase the risk of a daughter developing clear-cell adenocarcinoma of the vagina and
cervix. The risk of developing clear-cell adenocarcinoma of the vagina or cervix before her35th
birthday for an exposed female is about 1 per 1000 women (Melnick et al. 1987). This tumour may
be chemically induced. However, diagnosis of this otherwise extremely rare tumour seldom occurs
before 15 years of age (Melnick et al. 1987). Therefore, it is possible though no evidence is
available that this tumour mightdevelop afterexposure to a sexually transmitted agent because of
altered adenomatous vaginal and cervical cells predisposing to a rapidly progressive form of cancer.
The risk of neoplasia of squamous cellsfrom exposure to DES in uterohasbeen debated
(Fenoglio 1984; Richart 1986). DNAfrom human papillomavirus types 6 and 16 have been found
from some women with vaginal intraepithelial neoplasia exposed to DES (Bornstein et al. 1987).
DES exposure is not at present considered to be a causal agent for the development of squamous
cell tumours of the cervix.
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1.3. Aetiological theories
1.3.1.

Human papillomaviruses (HPV)

Zur Hausen et al. (1974) hypothesized that human papillomaviruses maybe aetiological
agents for cervical neoplasia. Over50 different subtypes of human papilloma viruses have been
described, of which 19 are associated with genital cancer (Koutsky et al. 1988). The subtypes have
more than 50% of the base sequences of the double-stranded DNAin common. These viruses
infectthe basal layers of the epithelial surface while viral particles arethought to be shed fromthe
more superficial layers of the epithelium. Also, it has been suggested that wounds or erosions may
enhance access of viral particles to the basal layers of the epithelium (Koutsky et al. 1988). A great
deal of experimental evidence for the oncogenic potential of human papillomaviruses exists (Pfister
1987). Despite this, the epidemiological evidence for a causal role for human papillomaviruses is
weak (Munoz et al. 1988).
Franceschi et al. (1983) found a greaterassociation between genital warts andprevalent
cytological abnormalities suggestive of human papillomavirus infection than for otherforms of
sexually transmitted disease in a sample of clinic attenders. However, the association between
genital warts and incident cytological abnormalities was no greater thanfor the other sexually
transmitted diseases. The prevalence odds ratio for cytological abnormality andgenital warts
compared to other sexually transmitted diseases was 5.8. Franceschi et al. (1983) showed that
women with prevalent genital warts were more likely to be younger, students or clerks, using oral
contraceptives, nulliparous and have had fewer recent sexual partners thanwomen with other
sexually transmitted diseases. However, incident rather than prevalent genital warts would be
expected to be more likelyto be associated with recent sexual partnership rate.
The presence of human papillomavirus DNAcan now be assessed by the Southern blot or
the less sensitive (de Villiers et al. 1987) filter in situ hybridization techniques. Numerous small
studies of select groups of women using different techniques for testing for the presence of human
papillomaviruses have produced various estimates of the prevalence of different types of human
papillomaviruses (Munoz et al. 1988). Young et al. (1989) have developed a newtechnique that
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appears to be very sensitive for detecting human papillomavirus DNA in cervical smears and suggest
that previous estimates of the prevalence of human papillomavirus infection have probably been
underestimates. However, the specificity of thistest needs further evaluation. Types 16 and 18 are
more likely than types 6 or 11 to be isolated from neoplastic lesions of the cervix. However, most
analyses have not been adjusted for simple confounding factors such as age andstrong selection
biases might have occurred (Munoz et al. 1988). Forexample, if cytological evidence of human
papillomavirus is present, a smear maybe more likely to be reported as indicating cervical
intraepithelial neoplasia or be recommended for subsequent colposcopic biopsy. Meanwell et al.
(1987) used a case-control studydesign and, afteradjustment for age, found no significant
difference in the prevalence of HPVtype 16 between women with invasive cervical cancer and the
comparison group. However, the study was small andmost unlikely to reveal anything but large
differences in prevalence of HPVtype 16 between the twogroups. Munoz et al. (1988) report that
this has been one of the few studies to adjust for the possible confounding of age, although, as
discussed in section 1.2.3, adjustment for the period at risk (the time since first intercourse) would
probably have been more suitable. Meanwell et al. (1987) found thatthe prevalence of HPV type
16 was greater among women over40 years of age thanbelow this ageamong both the cases of
invasive cervical cancer andthe comparison group. A recent small case-control study in countries
with very high incidence rates of cervical cancer has found thatthe relative riskof invasive cervical
cancer associated with HPVtype 16or 18 prevalence was 2.7(Reeves et al. 1987). However, a
difference in the prevalence of these infections between the hospital andcommunity controls was
unexplained andbias fromconfounding by the sexual behaviour of male partners is likely. Villa and
Franco (1989) found that an increased frequency of gynaecological consultations was associated
with a lower prevalence of human papillomavirus types 16or 18and thatthe total number of sexual
partners of women, age at first coitus, oralcontraceptive use and smoking were notassociated with
the prevalence of human papillomavirus types 16or 18. However, while the prevalence of human
papillomavirus infection was increased among women withthe most years of schooling, the results
presented were not adjusted for this variable.
The incidence of a sexually transmitted disease such as gonorrhoea alters dramatically over
a very narrow age range. The incidence andprevalence of human papillomavirus infection are also
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likely to vary greatly with ageandcareful adjustment for the effects of age are likely to be necessary
in studies of human papillomavirus infection.
Many aspects of the natural history of cervical papillomavirus infection are unknown but
important in deciding its relationship to cervical neoplasia and optimal treatment if necessary.
Cohort studies have often chosen very selected populations, had no reference group and
have used variable techniques for ascertainment of human papillomavirus infection at the outset
(Munoz et al. 1988).
Kjaer et al. (1988) using filter in situ hybridization have found thatthe prevalence of HPV
type 16 or 18 infection was 13%in Denmark and8.8%in Greenland among the sample of women
20 to 39 years of age examined. For HPVtypes 6 or 11 the prevalence was 6.7% and 7.5%,
respectively, in women of the same age group. However, the incidence of invasive cervical cancer
was 5.7 times higher in Greenland than in Denmark in this age group. But, the prevalence of HPV
infection among men inthe two populations was not measured. Also, if HPVinfection was a causal
agent, this type of cross-sectional comparison of the incidence of cervical cancer and the
prevalence of HPVinfection does not adjust for the leadtime that mayoccurbetween the infection
anddevelopment of invasive cervical cancer. An interesting feature wasthat in bothDenmark and
Greenland the prevalence of HPVtypes 16 or 18 andtypes 6 or 11 was lowest among women 30 to
34 years of age. Thiscould be due to the youngest generations of women being at higher riskof
HPV infection. It is unlikely, but possible, that this could be dueto reinfection at olderages after
previous resolution of human papillomavirus infection. However, it hasbeen assumed that, like
most viral infections, natural resolution of human papillomavirus infections confers life-long immunity
(Campion 1988; Koutsky et al. 1988). This immunity maybedeficient among women after
immunosuppressive therapy (Alloub et al. 1989).
In summary, the epidemiological assessment of human papillomavirus infections is only
beginning and any relationship with cervical neoplasia requires careful study (IARC 1988).
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1.3.2.

Other organisms

Herpes simplex type 2 (genital herpes virus) hasbeen considered a likely aetiological agent
for cervical neoplasia (Rawls et al. 1968). However, Franceschi et al. (1983) did notfind thatclinical
genital herpes infection was associated withthe prevalence or incidence of cervical dyskaryosis.
Similarly, Reeves et al. (1985) did notfind a significantly increased seroprevalence of antibody to
herpes simplex type 2 among women with invasive cervical cancer in Panama. Vonka et al. (1984)
did notfind a relationship between the prevalence of cervical intraepithelial neoplasia and herpes
simplex type 2 antibody either.
However, Graham et al. (1982) reported a 3-fold increase inthe riskof invasive cervical
cancer among women with antibody to herpes simplex type 2 virus independent of the number of
sexual partners of women. The relationship was not present for carcinoma in situ and fewother
potentially confounding factors were assessed. Kjaer et al. (1988) have shown that the difference
in antibody prevalence to herpes simplex type 2 virus among women 20 to 39 years of age was in
the same direction as the difference in cervical cancer incidence in the same agegroup between
Greenland and Denmark. Herpes simplex type 2 infection, rather thancytological evidence of
human papillomavirus infection, has increased in prevalence in linewiththe increase in the
prevalence of cervical intraepithelial neoplasia in a sexually transmitted disease clinic in Australia
(Armstrong et al. 1986a).
Zur Hausen (1982) has proposed that synergism between herpes simplex type 2 andthe
human papillomaviruses maybe required to produce invasive cervical cancer.
Whether genital herpetic infection is everinvolved in the initiation of cervical cancer will
need further study.
Epstein-Barr virus has been found to be shed fromthe uterine cervix of women attending a
sexually transmitted disease clinic who did not have evidence of acute infectious mononucleosis
(Sixbey et al. 1986). Possible orogenital transmission or other sexual transmission of Epstein Barr
virus may be possible, butthis requires further stUdy.
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A role for cytomegalovirus infection in cervical neoplasia of the cervix has notyet been
assessed fully but sexual transmission is associated withthisvirus and infection is able to produce a
chronic cervicitis.
Bacteria areconsidered to be unlikely causal agents for cervical neoplasia (Alexander
1973), though the measurement of exposure to previous often asymptomatic infections is difficult.
The relationship of the trends in gonorrhoea incidence to invasive cervical cancer (BeraI1974) is
unlikely to represent a causal association. little experimental evidence exists for the oncogenic
potential of Neisseria gonorrhoeae and, apart from the generalized cervicitis produced, it is unlikely
that this agent has anycausal role. Studies of mycoplasmal infection have alsobeen suggested
(Alexander 1973).
1.3.3.

Other theories

Coppleson and Reid (1967) have proposed that cervical reaction to some aspect of
spermatozoa, smegma, or seminal fluid might initiate cervical neoplasia. Thesuggestion of a lower
riskof invasive cervical cancer among women whose husbands have hada vasectomy in a few
studies (Swan and Brown 1979; Harris and Scott 1979) hasbeen considered as evidence in favour
of this hypothesis. Smegma wasfound to be carcinogenic to the cervices of mice (Pratt-Thomas et
al. 1956) and could contain human papillomaviruses or other potential causal agents. A cervical

reaction to sperm basic proteins has been proposed (Reid et al. 1978). However, the epidemiology
of cervical cancer appears difficult to explain by this hypothesis. The apparent increased risk to
women conferred by the number of female sexual partners theirhusbands have had would be
difficult to explain by a reaction to spermatozoa.
Chemical burns or otherexposures from douching would notexplain recent increases in
the incidence of cervical cancer among young women.
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1.4. The control of cervical cancer
Two main approaches are available to prevent invasive cervical cancer. Firstly, changes in
the sexual behaviour of men andwomen: encouraging a decrease in the numbers of sexual
partners people choose and the use of barrier methods of contraception. Secondly, decreasing
the invasive potential of preinvasive disease by detecting andtreating it through a cervical
screening programme.
It is likely that some changes in sexual behaviour and contraceptive methods will occur
because of concern about the acquired immune deficiency syndrome (AIDS) epidemic that has been
evolving around the world. However, the personal nature and degree of irrationality of sexual
behaviour (Langfeldt and Porter 1983: cited in Anon 1986) indicates that changes are not predictable.
There is some indirect evidence that sexual behaviour is changing among some groups of people
(Gellan and Ison 1986). However, these changes areunlikely to benefit women who have already
been exposed to the causal agent in early adulthood.
Another approach maybe to try to reduce the number of infectious men in the population and
their sexual partnership rates. However, there is insufficient evidence to be sure of the causal agent
and effective treatment of infectiousness would need to be available for men. Butbarrier methods of
contraception and changes in sexual behaviour could reduce the prevalence of preinvasive
abnormalities among young women and might reduce some of the demand for colposcopic services.
Cervical screening hasbeen occurring for over30 years in some parts of theworld and can
be effective in reducing the incidence and mortality of cervical cancer (Hakama 1982). Recently, it
has been realized that the effectiveness of cervical screening depends on many factors (ICRF
Coordinating Committee on Cervical Screening 1984; World Health Organisation 1986a). Most of
these areorganizational and administrative requirements. The main organizational requirements for
effective screening are: an extensive continuing coverage of the population at risk; acceptable
choices of access to have a smear taken; an adequate knowledge of the purpose of the screening
programme; a high quality of smear taking, laboratory reading andthe reporting of smears; prompt
referral to good treatment services when necessary; monitoring the follow up of women with
abnormal smears to ensure adequate treatment; post-treatment follow up to assess treatment
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efficacy and an assessment of the impact of the activity on the incidence andmortality rates of
cervical cancer. The integration of manyof these aspects of the service under a single organization
or person with responsibility for the service may assist the delivery of an effective service (World
Health Organisation 1986a). However, manyof these organizational problems are dependent on
the way the health service of an areaor country functions. Sometimes additional administrative
structures are possible to improve some aspect of the screening service offered. For example,
population registers of cervical cytology, histology and hysterectomy specimens, lists of individual
women to describe precisely the population at risk, invitation and recall systems, treatment registers,
cancer registers for both preinvasive and invasive disease and adequate mortality statistics for the
population at risk. These information systems should be linked through common identification
systems and have quality control programmes to ensure that the information collected is accurate.
The information systems allow accurate planning of resources to achieve the stated operational
objectives of a screening programme. Additional to these administrative structures, some special
studies measuring the sensitivity and specificity of the screening procedure and otherimportant
operational parameters would allow predictions of the effectiveness of exlstinq services. The
reasons why women havefailed to be adequately protected by the screening programme, the
reasons for non-participation, case-control studies to describe and monitor changes in the risk
factors for cervical neoplasia andthe effects of any new screening methods or treatment options,
couldbe assessed by special studies when necessary. Cancer registries arevaluable for the
evaluation of cervical screening programmes (Parkin and Day 1985).
Withinfixed available resources some priority is needed on the activities pursued, weighing
them against the reduction in the mortality and incidence of invasive cervical cancer likely to be
achieved. A single smear is not cervical screening but only partof a screening procedure. The
regular repeated application of the screening procedure to the same woman for a large partof her
life is necessary for a successful cervical screening programme. Therefore, the programme needs
to be sustained over many years and is best incorporated within existing health services where
possible (World Health Organisation 1986a). When the existing health services appear unable to
deliver some important aspects of the service or prevent achievement of the stated objectives of
the screening programme a special service maythen be considered. Ideally, measurable achievable
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goals (World Health Organisation 1986a) should be made explicit atthe outset rather than as an
implicit notion that cervical cancer will be reduced. Otherwise it is possible to reduce the risk of
cervical cancer only among young women while ignoring the plight of olderwomen at greatest risk of
dyingfrom the disease.
Countries and sometimes regions within countries have approached the application of
cervical screening to theirpopulations differently. Countries most similar to NewZealand (Australia,
Great Britain and Canada) have developed regions within them where organized screening
programmes or extended cervical cytology registers prevail. The development of these
programmes hasalmost always depended on an individual within a large organization, such as a
hospital or laboratory, crusading for the value of cervical screening and establishing some central
organization that is identified with the screening programme. The individual has often been a
clinician, either a gynaecologist or oncologist, sometimes with expertise in cytopathology, whom
otherclinicians have respect for. Using theirorganization, they have established the necessary
administrative structures andclerical systems to provide a large partof an effective screening
service. This has often been based on a single pathology laboratory (MacGregor and Baird 1963;
Worth et al. 1967).
Some countries in Scandinavia have accurate lists of allthe individuals in the population,
more suitably structured health services andfinancial incentives anda supportive population. In
Finland, the cytology and histology laboratory service to the treatment of preinvasive and invasive
cervical cancer areall performed by the same organization. In Iceland, the laboratory service is part
of the gynaecology treatment services, including thetreatment of preinvasive and invasive cervical
cancer, for the whole population. Coordination of the different sectors of the health service is then
easier to improve. Some geographical advantages can exist: for example, in Iceland thisservice is
centred in the one large citywhere the majority of the population live. These programmes are more
than active cervical cytology registers. Theymayincoporate everything fromsmear taking tothe
treatment of preinvasive and invasive cervical cancer into a complete service within a single
organization.
National screening policies or guidelines areoften setto achieve someuniformity of both
action and purpose within countries. Theyusually provide a focus for discussion about many
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aspects of cervical screening activity. Screening policies canfocus on particular issues, such as the
frequency of the application of a screening procedure or coverevery operational detail of the
detection andtreatment of a disease (Morrison 1985). Usually theyfocus on majorissues, for
example: the case for screening, the screening procedures available, the frequency of application,
the age range of women that the screening programme is mostapplicable to, the groups for whom
screening is unneccessary and the additional requirements needed for high risk populations.
A greatdeal of debate about the recommended age range andfrequency of cervical
screening has occurred. The age range recommended for screening requires a good
understanding of the natural history of the disease with age. The screening frequency
recommended requires knowledge of the lead-time distribution of the preclinical detectable phase
of the disease, the sensitivity of the procedure andthe ability of the available services to cope with
the demand likelyto be placed upon them.
Table 1.6 summarises the age ranges and screening frequencies recommended in several
countries and by different organizations.
Table 1.6. Recommended screening frequencies and age ranges In some
countries or organizations.
Oraanization
NewZealand Working Party
(Skeaa et al.1985)
Australia, National Health and
Medical Research Council
(1985)
American Cancer Society
(Eddy 1980a)

Frequency
Annual then at least 3-yearly

American College of
Obstetricians and
Gynaecologists (DeLia and
Schumann 1985)
Canadian Task Force (1982)

Annually

3-yearly
Annual then at least3-yearly

Annually
5-yearly

British Committee
Gynaecological Cytology
(Anon 1984)
International Academy of
Cytology,1980 (DeLia and
Schumann 1985)
Finland (Hakama 1982)
Iceland (Hakama 1982)
Sweden (Hakama 1982)

5-yearly
Annually
5-vearlv
z-veariv to 3-vearlv
4-vearlv

Aoe orouos
From 20or start of sexual activity
to 64 years
From start of sexual activity
From 20or start of sexual activity
until65 years of age with pelvic
examination annually after 40
vearsof ace
From 18years of age
or start of sexual activity
for life
From 18or start of sexual activity
to 35 years of age
From 35to 60years of age and
then cease aftertwo negative
smears
From start of sexual activity to
age 60years and as part of
antenatal care
From age 18years or start of
sexual activity for life
From 30to 59 years of ace
From 25to 70 years of ace
From 30 to 49 years of ace
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The potential reduction in the incidence of cervical cancer with different screening
frequencies in wellorganized cervical screening programmes after all women have hadat least two
cervical smears has been estimated fromempirical evidence (IARC Working Group on Evaluation of
Cervical Cancer Screening Programmes 1986). These estimates suggest that little additional benefit
can be expected by screening annually compared to 3-yearly and a small decrease in benefit may
occur when screening at 5-yearly intervals compared to 3-yearly screening.
The screening frequency is an important determinant of the demand for services to investigate
positive procedures andtreat preinvasive disease. If these services are unable to cope with the
demand created by screening programmes or the investigation and treatment services are thought to
be of poorquality thenthe voluntary participation by women may easily be undermined.
Many smears can alsobe taken outside organized screening programmes. However, the
oraginized programmes ensure a minimum frequency of screening and a wide population coverage of
the cervical screening service that are lesslikely to be achieved through numerous smaller
programmes of variable quality.
Models have alsobeen usedto assess more precisely the likely effects of screening
policies and the particular operational parameters of screening programmes (Knox 1976; Eddy
1980b; Yu et al. 1982; Parkin and Moss 1986). These models involve a mathematical
representation of the natural history of the disease andthe operational parameters of the screening
programme, derived from empirical evidence whenever possible. These models serve several
functions. Firstly, they identify the important parameters that need to be measured and monitored
to ensure the effectiveness of a cervical screening programme. Secondly, they allow estimation of
the size andtiming of the effect that present cervical screening activity will have on the future
mortality and incidence of cervical cancer. Thirdly, additions or changes in a screening programme
can be evaluated to assist operational decision making. Lastly, theycanassist in the planning of the
workforce and finance reqUired.
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1.5. Prelude
Cervical screening has beenconsidered to have had no effect on cervical cancer mortality
and incidence rates in New Zealand (Green 1978 & 1981). However, the methods used have been
criticized (Johannesson and Day 1979). Also, an increase in the mortality andincidence rates of
cervical canceramong young women in New Zealand has also been found (Green 1978). The
following chapters present my research into the epidemiology and control of cervical cancer in New
Zealand.
Chapter 2 describes what is known about the descriptive epidemiology of cervical cancerin
New Zealand. Using available methods, the trends in the mortality and incidence of cervical cancer
in New Zealand havebeen examined in chapter 3. Projections of the future mortality and incidence
of cervical cancerin New Zealand in the absence of any changes to the cervical screening service
have also been presented. Chapter 4 describes the history of cervical screening activity in New
Zealand and the possible impact this has had on the incidence of cervical cancer. The temporal
changes in the registration rates of carcinoma in situ have also been evaluated. Estimates of the
numberof future registrations of carcinoma in situ usingdifferent assumptions about the riskof
carcinoma in situ among emerging generations of women andpossible changes in cervical
screening activity have been included. Chapter 5 examines ethnic differences in the mortality and
incidence of cervical cancer in New Zealand andchapter 6 presents a description and evaluation of a
cervical screening programme conducted in the Otago region of NewZealand. This pilot study
involved introducing some of the characteristics of organized cervical screening programmes into
the New Zealand setting. A detailed study of the cost-effectiveness of cervical screening
programmes has been presented in chapter7. The relative merits of a selection of different
screening programmes have been assessed and the marginal costs andbenefits of changing from
one programme to another, under the assumptions used, have been estimated. The concluding
chapterexamines aspects of the epidemiology of cervical cancer that require further study and
includes some recommendations to improve the cervical screening service in New Zealand.
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Chapter 2

cervical cancer in New Zealand

56

2.1. The age distribution
Figure 2.1 shows the age-specific mortality rates of cervical cancer in NewZealand for the
1978to 1982time period.
Mortality rate
(per 100,000 person-years)
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Figure 2.1. The age-specific mortality rates of cervical cancer In New Zealand for
the 1978 to 1982 time period.
The riskof mortality from cervical cancer increases with age. However, within each
generation of women in New Zealand, Donovan (1970b) found thatthe mortality rate from cervical
cancer did not increase after 45 years of age.
Figure 2.2presents the age-specific incidence rates of cervical cancer for different stages
of the disease registered in New Zealand during the 1976to 1980 time period.
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Incidence rate
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Figure 2.2. The age-specific incidence rates of cervical cancer in New Zealand,
and by stage at diagnosis, for the 1976 to 1980 time period.
The riskof cervical cancer was similar for all women 30 or more years of age in the 1976 to
1980timeperiod. The registration rate of stage III and IV disease increased with increasing age
similar to the mortality rates in figure 2.1. Stage I disease was more common among younger
women while the distribution of stage II disease with agewas intermediate between the early and
advanced stages of the disease. Stage I disease is more common in screened populations
because the detection of asymptomatic invasive cervical cancer is more likely for the earliest stages
of the disease. Therefore, the registration rates of stage I disease tendto be increased among
women most intensively screened but greaterregistration rates of stage I disease among younger
women than among olderwomen occurred in NewZealand before screening activity was
widespread {see figure 2.3}.
The age-specific incidence rates for cervical cancer for the 1948 to 1956time period have
been taken from Carey and Gardiner (1959a) andpresented graphically in figure 2.3.
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Figure 2.3. The age-specific Incidence rates of cervical cancer In New Zeraland,
and by stage at diagnosis, for the 1948 to 1956 time period (Carey and Gardlner
1959a).
The highest incidence rate for cervical cancer occurred among women 55 to 59 years of
age withthe lifetime risk of cervical cancer estimated by using lifetables to be 1.6% (Carey and
Gardiner 1959a). Thecumulative incidence from 0 to 74 years of age was 1.35%.
The greater incidence rates among younger women in figure 2.2wasdueto an increased
risk of cervical cancer among recent generations of women (see chapter 3). Younger women were
more likelyto be registered with earlier staged disease between 1948 and 1956. A relatively high
proportion of women withcervical cancer were registered as stage I disease in New Zealand and
Melbourne. Australia. atthistime (Carey andGardiner 1959a). Thevariation in theproportion of
cervical cancer registered as stage I disease around theworld may in partreflect theavailability of
cytological screening services. However. little cervical screening wasperformed in NewZealand
between 1948 and 1956andprobably littleof the higher registration rate for stage I disease among
younger women than among olderwomen was due to increased detection from screening.
Young women may present earlier with symptoms or have symptoms which prompt earlier
presentation of their disease thanolderwomen. Alternatively olderwomen maytend to have more
J

rapidly progressing tumours.
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Table 2.1. The percentage of cervical cancer registrations from the cervical
stump and classified as adenocarcinoma of the cervix by age for the 1948 to 1959
time period (Carey and Gardiner 1959a).
Per cent cervical stump

AQe ranee

Per cent adenocarcinoma

1.2
4.6
4.7
4.2
1.9
4.6

30-39 years
40-49 years
50-59 years
60-69 years
70-79 years
80+ years

5.2
4.6
7.1
9.9
15.1
0.0

Between 1948 and 1956 up to about 5% of cervical cancer occurred in the cervical stump
remaining after subtotal hysterectomy (see table 2.1). Some women at present 70 or moreyears of
age up to at least1989, maybe likely to have had a subtotal hysterectomy andstill be at riskof
developing invasive cancer of the cervical stump.
Table 2.1 suggests that the proportion of cervical cancers that were classified as
adenocarcinomas increased with age in the 1948 to 1956time period and ranged from 5% to 15%.
Figure 2.4 shows the age-specific incidence rates of adenocarcinoma of the cervix for the 1948to
1956time period (Carey and Gardiner 1959a).
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Figure 2.4. The age-specific Incidence rates of adenocarcinoma of the cervix for
the time period 1948 to 1956 (Carey and Gardiner 1959a).
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The incidence of adenocarcinoma of the cervix increased with age. The nature of the
histological classification of cervical tumours may have been an important determinant of the
incidence rates in figure 2.4. For example, adenosquamous tumours mayor may not have been
included as adenocarcinomas of the cervix by Carey andGardiner (1959a).
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2.2. Treatment
Total hysterectomy is adequate treatment for stage la cervical cancer (Carey andGardiner
1959b; Grayet al. 1985). Wertheim's hysterectomy is usually thetreatment for stage I to stage Ha
disease with or without postoperative radiotherapy and radiotherapy alone is usedto treat more
advanced disease. Upto the early 1960's, radium implantation anddeepX-ray therapy were often
usedto treatcervical cancer(Carey and Gardiner 1959b). Wertheim's hysterectomy was used less
often.
Preoperative radiation with caesium rather thanwith radium is nowused (Gray et a/.1985).
Treatment has greatly improved the 5-yearsurvival fromcervical cancer since earlier this century
(Carey and Gardiner 1959b). Some of this improvement has probably beendue to the general
improvements in surgical care and the availability of radiotherapy. In the 1950's, the treatment of
advanced cervical cancer in NewZealand was notconsidered as good as a selection of major
overseas treatment centres (Carey and Gardiner 1959b). However, survival mighthave improved by
the late 1950's and early 1960's in New Zealand (Green 1974).
Majorcomplications, including death, are not insignificant problems associated with the
treatment of cervical cancer and attempts are made to avoid radiation therapy among young women
(Gray et al. 1985). Chemotherapy has not been very successful in treating cervical cancer but
furtherevaluation of newerdrugs continues (Gray et al. 1985).
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2.3. Survival
Three-year, 5-yearand 1O-year survival appeared to increase for women diagnosed with
cervical cancerbetween 1950and 1958in NewZealand with little improvement thereafter (Green
1974). The 3-yearsurvival declined for women diagnosed withcervical cancer between 1966and
1970(Green 1974). However, none of these survival estimates were adjusted for the age of the
women or the stage of the disease at diagnosis. A shiftto more favourable stages of disease at
diagnosis due to cervical cytology would be expected to improve short-term survival because of the
leadtime obtained from detecting asymptomatic invasive disease. Survival has not been found to
be related to the duration of symptoms before diagnosis (Green 1970b).
Age adjusted 3-yearand5-yearrelative survival for the 1948 to 1951 time period have been
taken from Carey and Gardiner (1959b) and are shown in table 2.2, together with estimates of the
survival of women treated in the 1968 to 1970time period in New Zealand (Fraser 1984).
Table 2.2. Age adjusted relative survival for cervical cancer treated between
1948 and 1951 (Carey and Gardlner 1959b) and between 1968 and 1970 (Fraser
1984).
Staqe

s-vear 1948-51

I
I

77.6
50.0
19.5
2.0
25.0
48.8

ID

IV
Unstaged
All stages

5-year 1948-51
71.8
42.8
13.3
2.2
20.0
42.8

s-vear 1968-70*

5-vear 1968-70*

83.0
70.0
31.0
12.0

76.0
65.0
22.0
13.0

67.0

60.0

* Only treated patients Included
The relative survival estimates from the earliertimeperiod included untreated cases
whereas those of the latertimeperiod did not. This might make a direct comparison of the survival
estimates difficult. However, a small improvement in the 3-year survival might have occurred for
stage I and 11 disease treated between 1951 and 1952compared to the 1948 to 1951 time period
(Carey and Gardiner 1959b). These estimates for the 1948to 1951 timeperiod represent the
survival from cervical cancer before cervical cytology or modern radiotherapy was introduced.
However, within each stage survival seems to have improved since few untreated patients in the
1968to 1970 timeperiod hadstage I or 11 disease. The relatively small numbers of stage III and
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stage IVtumours available to calculate the survival in both time periods means the estimates of
survival for advanced disease are notveryprecise. The 5-year survival for cervical cancer in New
Zealand was found to be betterthan a large series of patients inthe United States of America as well
as for many othersites (Fraser 1984). This might have been dueto more imprecision in the
preoperative staging of tumours in NewZealand, particularly if those coding the stage of the
disease from medical records used the postoperative staging of some women who subsequently
had radiotherapy.
Regional differences in survival from cervical cancer appear to exist in NewZealand (Carey
and Gardiner 1959b) but maybe due to the transfer of patients requiring complicated treatment, the
stage of the disease or the ageof the women treated. Five-year survival for women diagnosed
between 1975 and 1979 in the Wellington region was 54%for all stages, 86%for stage I, 54% for
stage 11 and 44% for stage III cervical cancer (Gray et al. 1985). These estimates included women
whodid not receive treatment or who diedfromcomplications of theirtreatment. Survival for women
60 or more years of age appeared worse than for younger women andthis might notbe explained
entirely by a tendency for olderwomen to present with more severe disease (Gray et al. 1985).
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2.4. Geographical variation
The incidence of cervical cancer may be lowest in the rural areas of NewZealand
(Edmondston and Maskill1988). However, this observation wasfromcancer registrations in a single
year, 1981, and might be dependent on the waydomicile codes have been determined in the
registration of cancer compared to the 1981 population census. But, rural cervical cancer
registration rates areusually lower thanthe urban rates for many cancer registries around theworld
(Roginski 1987). The determination of whether small towns are considered urban or rural is likely to
differbetween countries. On the otherhand, the highest mortality rates for cervical cancer for the
1974to 1978time period occurred in the counties surrounding small towns of the Wairarapa and
Wanganui districts in New Zealand (Borman 1982). Butin New Zealand, olderMaori women (at
higher risk of cervical cancer thannon-Maori women) may be more likely to reside in or nearsmall
rural towns in the North Island rather than elsewhere in New Zealand. The North Island has had a
wide variation in mortality rates for cervical cancer compared to the relatively uniform rates of the
South Island (Borman 1982). The different ethnic compositions of geographical populations may
explain this variation in cervical cancer mortality rates, however the Northland district with a relatively
high proportion of Maori women experienced lower than average mortality for cervical cancer in the
1974 to 1978 time period (Borman 1982). The Wellington andthe Lower Hutturban areas also
experienced relatively low mortality for cervical cancer. Regional variations in cervical screening
activity (Mclndoe 1964; Baeyertz 1965; Marshall1966; Stevenson 1968) mayexplain some of the
geographical variations in cervical cancer mortality observed.
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Chapter 3

New Zealand trends in cervical cancer
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3.1. Introduction
Trends arechanges inthe measures of a disease with time. Aspects of a disease may
change but unless detected by measurement they do not become apparent. Measures of disease
range from incidence and mortality rates to a physician's hunch, however the measures also need to
be valid, reliable and sensitive to changes in the aspects of a disease they seekto describe. The
method of measurement is oftenthe most important component of the validity and reliability of a
measure. The most commonly used measures in cancer epidemiology are incidence and mortality
rates.
Changes in the incidence and mortality rates maybe dueto changes in the datasources,
the definition, diagnosis, detection and the duration of the disease andthe disease itself. These
sources of change need to be considered whenever trends in the incidence and mortality rates are
assessed. Trends in the incidence and mortality rates are useful for developing aetiological
hypotheses, evaluating screening programmes and new methods of treatment and predicting the
future burden of disease in health planning.
Trends in the mortality of cancer of the uterus in New Zealand, bothcervix and corpus uteri,
have shown that some generations of women have experienced higher mortality rates than others
(Adelstein et al. 1971). Donovan (1970b) described the declining mortality experience from cervical
cancerof successive generations of women bornabout 1896through to 1926. Women born about
1926, the most recent generations included, did not show any evidence of a rise in the mortality
rates up to 35 to 44 years of age. Adelstein et al. (1971) documented a reversal in the overall
declining mortality fromall cancers of the uterus in NewZealand for women born about 1929. This
was considered to mainly reflect trends in the mortality of cervical cancer. However, theincidence of
cervical cancer has been increasing among young women in New Zealand (Green 1978). This
chapter examines in detail the trends in cervical cancer mortality and incidence for thetotal New
Zealand population. The trends in cervical cancer among Maori women are examined separately in
chapter 5. Projections of future cervical cancer mortality and incidence for NewZealand have been
made in section 3.3.6.
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3.2. Methods of analysis
3.2.1.

Sources of data
Mortality data from death certificates have beencollected from before the turn of the

century andwere considered by Donovan (1970a) to reflect cancerdeaths reasonably accurately
from 1921 onwards. However before 1953up to 33 per cent of all uterine cancerdeaths were
unspecified as to whether the cervix or corpus was involved (see table 3.1).
Table 3.1.
1958.

Percentage of all uterine cancer deaths unspecified from 1950 to
Year
1950
1951
1952
1953
1954
1955
1956
1957
1958

Percentaae
23.3
26.1
32.6
16.1
8.8
4.3
4.0
4.6
2.6

Death certificates before 1950were considered to havebeen very similar to the
international format adopted in 1950 (Medical Statistician 1956). Donovan (1970a) observed little
change in cancer mortality data from this change in deathcertification, but no simultaneous
comparison of both methods was made in NewZealand.
Initially, after its establishment in 1948, the Cancer Registry was dependent on public
hospital andclinic notifications of cases of cancer. The Medical Statistician (1956) provided
estimates of the percentage of persons with cervical cancer who were registered for different time
periods immediately afterthe CancerRegistry was established (see table 3.2).
Table 3.2. Estimated percentage of cases of cervical cancer registered between
1948 and 1953 (Medical Statistician 1956).
1948-49
75%

1950-51
89%

1952-53
95%

1948-53
86%

These estimates were based on the assumption that the proportions of both unregistered
and registered cases of cervical cancer whose death was certified as dueto causes otherthan
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cervical cancerwerethe same. That is, the certified cause of death was independent of the
registration of cervical cancer with the Cancer Registry.
For the period 1948to 1953, the Medical Statistician (1956) noted that 13.6per cent of all
uterine cancer registrations were unspecified further by site. By 1958 this had been reduced to
less than 2 per centfor the 1948 to 1955period (Medical Statistician 1958). Presumably this was
achieved by obtaining furtherinformation about registered patients. Information for registration from
deathcertificates was usedfrom 1965onwards (National Health Statistics Centre 1968), but
registrations from death certfiicates alone did not occur before 1972 (Foster 1976). Earliernumbers
of registrations of cervical cancerwere revised in 1970for the 1948 to 1968time period (National
Health Statistics Centre 1971). This revision appears to have affected the registrations priorto 1956
but rarely involved changes to the previously published registrations of cancer after 1955.
With nearlycomplete registration from 1951 onwards, providing registration and diagnostic
practices have remained relatively constant, the number of registrations can be regarded as a good
measure of the incidence of cervical cancerin NewZealand. However, it is possible that the
introduction of cervical screening may have altered diagnostic practices so that the registration of
cervical cancermight not entirely reflect the incidence of the disease. The recorded staging of
cervical cancerchanged in 1976from the FIGO (International Federation of Gynaecology and
Obstetrics) system to a system based on the regional involvement of tumours. In practice this has
involved combining FIGO stage III and IV tumours and calling them stage 3 while changing FIGO
stage I and stage 11 tumours to stages 1 and 2, respectively (J.J. Auld, personal communication).
The FIGOsystem is presented in table 3.3.
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Table 3.3. The FIGO staging system used by the Cancer Registry for cervical
cancer up until 1976.
Prejnvasive carcinoma of the cervjx,
Stage 0 - Carcinoma in situ, intraepithelial carcinoma.
Invasive carcinoma of the cervix,
Stage I - Carcinoma strictly confined to thecervix.
Stage la - Cases of preclinical carcinoma and of so-called 'early invasion' ('microinvasive'
is reserved for those tumours where the depth of invasion through the basal layer
is equal to or less than 5 mm.).
Stage Ib- All other cases of stage J.
Stage 11 - Carcinoma which extends beyond the cervix butwhich hasnot extended onto
the pelvic wall.
Stage lib - Obvious parametrial involvement.
Stage III - The carcinoma hasextended onto the pelvic wall. On rectal examination there is
no cancer-free space between thetumour and the pelvic wall. Thetumour
involves the lower third of the vagina. There is hydro-nephrosis or a nonfunctioning kidney.
Stage IV - The carcinoma has extended beyond thetrue pelvis or has involved the
mucosa of the bladder or rectum.

This staging system hasbeen revised occasionally and changes to the subclassifications
within stage I disease have been made. However, thebroader classification for stage I, 11, III or IV
disease hasbeen unchanged. While this classification is intended as a pre-treatment staging of the
disease, surgical findings mayhave sometimes been used, when available, by persons registering
the stage of these cancers. Information on the stage of thedisease is available on over95% of
cervical cancers registered in NewZealand. Prior to 1972 allcervical cancer registrations had a stage
of disease assigned to them. From 1972 onwards upto 5%of cervical cancer registrations each
yearhave not been staged.
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Registrations of carcinoma in situ of the cervix appear to have required histological
confirmation. Few, if any, registrations of invasive cervical cancer could be expected to depend on
cytology alone. Where surgical findings have been used to stage tumours, detection by screening
of asymptomatic stage 1 disease may become registered as stage 2, or even stage 3, disease. Only
48 per cent of Maori registrations of cervical cancerwere reported to be histologically verified in the
1968to 1971 time period, compared with 54 per cent of non-Maori registrations (Foster 1976),
however histological verification appears unusually low for many NewZealand cancer sites for this
time period compared to othercancerregistries around the world (Waterhouse et al. 1976). By
1974, the percentage of registered cases of cervical cancerestablished by deathcertificate alone
was 4 per cent (National Health Statistics Centre 1974). In the 1968 to 1971 time period histological
verification included cytology alone for cancerregistration (Foster 1976) but not for the 1978 to
1982time period (Findlay et al. 1987). Over93% of cervical cancer registrations were histologically
verified during the 1978to 1982time period.
In the United States, the relatively high hysterectomy operation rates have hadonly a very
minoreffecton the trends in the incidence and mortality of cervical cancer (Lyon andGardner 1977).
Also, hysterectomy rates have not been shown to significantly affect the denominators of cervical
cancer incidence and mortality rates in othercountries (Cook and Draper 1984). Green (1978)
considered that the crude hysterectomy rates in New Zealand were lessthan halfof those in the
United States of America. Recent comparisons using age standardized methods suggest New
Zealand hysterectomy rates may be closerto those in the USA (Simpson 1986). Also, if the
proportion of hysterectomies that were subtotal has altered from being the majority to a small
minority of hysterectomies, then changes in the hysterectomy rates alone may underestimate the
real impact of changes in hysterectomy on cervical cancer trends. Changes in the hysterectomy
rates in New Zealand have probably only had a relatively small effect on the observed trends in the
incidence and mortality of cervical cancer for the time period used in this analysis. Estimates of New
Zealand age-specific hysterectomy rates priorto 1979 are unavailable except for those performed in
private hospitals.
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3.2.2.

Presentation

A person's age, yearof birth and yearof death or registration areall measures of time.
Trends in incidence or mortality maytherefore be expressed by each, or all,of these time variables.
Different forms of analysis of the trends in incidence and mortality rates place different emphasis on
these three timevariables. Trends in incidence and mortality areassessed by changes in agespecific rates overperiods of time. Examining onlythe trends of summary measures such as age
standardized rates can be misleading because the incidence rates of younger women canbe
increasing and the incidence rates of olderwomen declining while the summary measure remains
unaltered.
Forsome diseases, the degree of risk associated withthedisease at a particular age
appears to be determined by a person's yearof birth. These generation, or birthcohort, dependent
changes areoften represented graphically by age-specific incidence or mortality rates common to a
particular generation (Case 1956). When a series of such cohort curves for different generations
areplotted together theycomprise a graphical cohort analysis. Some overlap between successive
groups of cohorts is present in a representation of age-specific rates byfive-year age groups and
five-year time periods so that random fluctuations between successive groups of birth cohorts are
smoothed. Also, these groups of birth cohorts canthenbe labelled by theircentral year. Case
(1956) showed howa table of age-specific rates for successive time periods may also be illustrated
graphically in other ways. In a table of age-specific rates, when birth cohort effects arepresent and
changes in the rates dueto events occurring in successive time periods canbe regarded as small,
the relationship between age and the riskof the disease can be examined by studying the shape of
the individual cohort curves. In this examination of the trends in the age-specific incidence and
mortality rates oversuccessive time periods for cervical cancer, graphical cohort analysis willbe
used.
Graphical analyses of cancer trends can also be supplemented by a mathematical summary
of the possible contribution fromthe effects of age, the period of diagnosis or death andbirth
cohort to the risk of disease or death fromcancer (Barrett 1973).

72
A woman's age at death from cervical cancer is the difference between her yearof death
and her year of birth so thatthese three events are linearly related in time. Variations in the agespecific mortality rates due to changes in these three effects require different interpretations. While
graphical cohort analysis emphasizes trends due to changes in the disease experience of
successive birth cohorts, andthe relationship between the riskof death and age within each birth
cohort, statistical models have been developed to assess the effects of diagnostic or treatment
practices concurrently, measured by changes in time period effects (Greenberg et al. 1950;Barrett
1973;James and Sega11982; Osmond and Gardner 1982).
The mostcommonly used model assumes that the age-specific mortality rate from a disease
for any given time period can be expressed as the product of the corresponding age, birth cohort
and time period values. Thisproduces a log-linear model of the form
logrg
where,

rg

=

log ai + log cj-i+1 + log Pj

= the death rate for the ith age group andthe jth time period for i = 1,...,1
and j = 1,...,J,
= the number of age groups,

J

= the number of time periods,

= the agevalue of the i th age group,
p.

= the period value of the jth time period,

cj-i+1

= the cohort valueof the birth cohort corresponding to the i th agegroup and j th

J

time period.
The loga/s, log Pj s andlog Cj_i+/s are the sets of parameters fitted by the log-linear model. I
have used the term 'effects' to describe the parameters fitted by the log-linear model and 'values' to
describe their equivalents in its multiplicative form (the ai '5,

Pj sand cj-i+/ 's). The age, period and

cohort effects estimated by the model are therefore, the logarithms of the age, period and cohort
values. However, because a linearrelationship between age, time of death and birthcohort exists a
constraint has to be constructed for a unique solution to be found. This identification problem and
other methodological issues are fully described by Osmond and Gardner (1982) and Kupper et al.
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(1983). Any bias in the age, period and cohort values estimated is dependent on the validity of the
constraint chosen to uniquely determine them.
Any of the three possible submodels which only fit two parameter sets to the tableof agespecific death rates, for example the age-cohort parameter submodel where time period parameters
are excluded, has a unique solution and no identification problem. The acceptance of a submodel
which includes only two sets of parameters overthe full age-period-cohort model on the basis of a
goodness of fit statistic has been shown by Kupper et al. (1983) to be invalid when one or more of
the true underlying age, cohort, or period effects follow a linear pattern. It is the values which I have
used in the graphical representation of the solution obtained. Therefore, a linearrelationship within
a set of effects will be represented by a multiplicative effect in the values in any graphical illustration.
The particular identification adopted by Osmond and Gardner (1982) uses a weighted least
squares solution which is a compromise between each of the three two-factor solutions (age-period,
age-cohort and cohort-period submodel solutions) andtends towards the best fitting of these three
submodels. Because goodness of fit criteria are used in the selection of the full age-period-cohort
solution, any true underlying linear pattern in anyof the age, period, or cohort effects will be
reflected in the solution obtained. While cohort effects are excluded in the age-period submodel
fitted and period effects excluded in the age-cohort submodel fitted as part of identifying a solution
in the model, specific age values are chosen in the cohort-period submodel. The age values
chosen arethe weighted sum of the logarithms of the rates over all the time periods for each age
group. These are approximately equivalent to the age-specific mortality rates averaged overall the
time periods being examined. Because the overall age-pertod-cohort solution uses the three twofactor solutions, this constraint on the age values of the cohort-period submodel is also a constraint
on the age values of the age-period-cohort solution. While Kupper et al. (1983) have strong
reservations about usingconstraints based on the table of rates, rather than some priorjustification
for such a constraint, they also point out that the bias introduced by any constraint on the age values
is related to how well the constraint reflects the true underlying and unknown pattern of the riskof
deathwith age for the disease being examined.
The weights used in the least squares approach are the numbers of deaths uponwhich the
age-specific rates are based as these are approximately inversely related to the variance of the
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logarithms of the rates. The weighted least squares approach assumes that the errorterm of the
model is normally distributed, however the numerators uponwhich the rates are based couldbe
appropriately assumed to be Poisson distributed. Therefore, the approach proposed by Osmond
and Gardner (1982) hasbeen extended to a log-linear Poisson model (DeCarli andLa Vecchia
1987). The statistical package GUM (Baker and Nelder1978) hasbeen used to fit the model for
cancermortality and incidence rates.
When the rates corresponding to the most recent birthcohorts use small numbers in the
numerator, the weights chosen in the model are suchthat their contribution to the model fitting
process is small. The degree of uncertainty of cohortvalues based on small numbers can be
assessed by simulation techniques or from the asymptotic standard error estimates of the model
parameters. Simulation suggests the cohortvalues of the most recent birth cohorts can sometimes
be quite variable whenthe cohort values are based on numbers of deaths lowerthan five (B. Cox,
unpublished). For these reasons, the lowest age groups for the most recent time periods included
in the analyses of tables of rates havebeen chosen so that the numbers uponwhich the rates of the
most recent birth cohort havebeen determined were usually not lower than five.
The age, cohort and time period values of the age-period-cohort model approximate to the
overall age-specific mortality rates, the risk of deathfor each birth cohort relative to an average birth
cohort and the risk of deathfor each time period of death relative to an average timeperiod,
respectively. The earliest and mostrecent birth cohort values have the greatest degree of
uncertainty because, since the birth cohorts are represented by diagonals in a table of age-specific
rates, they are based on only a few or solitary age-specific rates.
If cohort effects exist in a table of rates, the age values in the cohort-period submodel will

partly include them so that cohort effects may be underestimated. However, the cohort effects may
be better represented in the age-cohort submodel, and as the goodness of fit of this model will also
be taken into account in the age-period-cohort solution, some adjustment may occur. The model
appears most reliable whenthe cohorteffects are confined to the most recent birth cohorts where
the age-specific rates are relatively small andtherefore, do notovertly affect the average agespecific rates of the entire time period examined. The problems of interpreting the age-periodcohort model because of the identification problem also exist for the more accepted graphical
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cohort analysis which onlylooks at the trends in the age-specific rates fromtwo of the age, period
and cohort perspectives.
Osmond and Gardner (1982) and Osmond et al. (1982) have claimed that the tendency of
the age values generated by their model to conform to a logarithmic relationship with age for
different cancer sites supports the linear relationship between the logarithm of the age-specific
mortality rate and the logarithm of age proposed by Doll (1971). However, this is a consequence of
the choice of age values in the cohort-period submodel described above. If a linearrelationship
between the logarithms of the rates and the logarithm of age exists thenany age effect constructed
as a linear relationship of the logarithm of rates is automatically linearly related to the logarithm of age
and vis versa. By building intothe cohort-period submodel thisformof relationship, withthe ability
of the cohort-period submodel to partially include cohort effects, the age-period-cohort solution will
tend, in part, towards a linear relationship between the logarithm of the age values and age when
this form of relationship exists. Further, whenthis occurs the interpretation of the age, period and
cohort values maybe difficult (Kupper et al. 1983).
Osmond (1985) has shown that the age-period-cohort model can be usedto predict future
age-specific rates by choosing linearextrapolations of cohort andperiod values andthe age values
estimated by the model. Using these projected age-specific rates andprojections of the New
Zealand population assuming low levels of fertility, medium short-term migration andzero netlongterm migration (Department of Statistics 1984b) allowed an estimation of the number of deaths and
the case load of cervical cancer over a future 20-year period. This method of predicting future rates
appears better than linear extrapolation of age standardized rates when cohort effects exist. This
extension of the age-period-cohort model to predict future age-specific rates has been adapted to
examine future trends in the incidence and mortality of invasive cervical cancer and registrations of
cervical carcinoma in situ in New Zealand in sections 3.3.6 and 4.2.3.3, respectively.
Cervical cancer incidence rates have some favourable properties for the application of the
age-period-cohort model. Firstly, noneof the logarithms of the age, period, or cohort values
generated for the New Zealand incidence rates of cervical cancer, or the registration rates of
carcinoma in situ, indicate a linear pattern in the parameters fitted. The non-linearity in these effects
also aids in the interpretation of the parameters.
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Since both the graphical method andthe modelling approach are based on the same data,
the conclusions to be drawnfrom them can be expected to be similar. Two advantages of the
modelling approach are the tentative assessment of the relative magnitudes of the changes in the
age-specific rates due to the different components and the partial separation of birth cohort and
time period effects that it provides. Also, a goodfit as measured by the deviance is oftenobtained.
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3.3. Results
3.3.1.

Mortality

The age-specific mortality rates and the number of deaths from cervlcal cancer by 5-year age
groups from 25 to 85 or more years of age and the time period from 1953 to 1985 for the total New
Zealand female population are given in table 3.4. The last time period has been truncated to the
three-year interval 1983 to 1985.
Table 3.4. The age-specific mortality rates and numbers of deaths from cervical
cancer In New Zealand from 1953 to 1985 (rates given per 100,000 personyears).

20- 125- 130- 135Periods 24
29
34
39
1953-57 0.0 0.3 2.1 6.7
0
1
24
8
1958-62 0.3 0.6 2.9 9.2
1
2
11
35
1963-67 0.0 1.5 3.8 4.9
14
19
0
6
1968-72 0.4 0.9 3.2 6.4
2
4
13
24
1973-77 0.5 1.4 4.1 5.5
3
20
23
8
1978-82 0.2 3.3 4.6 5.2
1
20
27
25
1983-85 0.0 1.8 4.0 8.7
7
15
0
30

A
140- 14544
49
8.7 13.9
30
43
9.1 18.8
33
65
11.7 13.5
46
49
9.5 10.4
37
40
5.5 9.8
21
38
6.3 10.4
26
38
6.8 16.0
19
37

e group tvears)
50- 155- 160- 165- 170- 175- 180- 185+
54
59
64
69
74
79
84
19.6 18.1 28.6 26.2 35.4 33.3 35.1 34.6
52
49
34
42
54
18
59
9
14.8 20.7 20.8 28.3 29.0 30.5 25.7 23.4
45
47
53
46
55
36
17
8
18.7 19.6 15.0 24.3 23.0 29.1 29.9 37.2
64
58
37
51
39
37
23
16
16.8 14.9 18.6 18.4 19.6 21.8 26.1 32.5
49
29
22
60
53
43
36
17
13.8 18.0 18.1 20.6 23.6 21.4 23.0 19.7
62
31
21
53
58
56
49
12
13.8 14.1 17.2 20.3 19.0 22.2 27.3 20.5
52
37 28
51
56
60
45
15
10.2 11.9 15.5 13.7 16.0 16.6 22.6 19.5
22
26
25
16
33
25
19
10

All
423
454
459
429
455
481
284

The deaths from cervical cancer before 1953 were excluded because they may have been
inaccurate due to the inadequate site specification and the high proportion of deaths from
unspecified cancers of the uterus (see table 3.1). An annual average of 94 deaths from cervical
cancer occurred in the 1983 to 1985 time period. Deaths among women 40 or more years of age
were 82% of all deaths from cervical cancer in this period. The trends in the age-specific rates from
1953 to 1985 have not been homogeneous (significant chl-square test for heterogeneity of trend,
p=0.0004). The mortality rate among women under 35 years of age appears to have declined after
peaking in the 1978 to 1982 time period. The mortality rates for cervical cancer increased only
among women aged 35 to 49 years in the 1983 to 1985 period. The age-specific cervical cancer
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mortality rates represented in table 3.4 for the New Zealand population are represented graphically
in figure 3.1 for alternate birth cohorts.
Rate (per 100,000
person-years)
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Figure 3.1. The aqe-specltlc cervical cancer mortality rates for alternate birth
cohorts In New Zealand.
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The individual birth cohort mortality curves covering those women who were most likely to
have had at least one cervical smear are given in figure 3.2.
Rate (per 100,000
person-years)

25

•

1958

_................-

1953

·····a····

1948

·_···a·_·-

1943

-- .....--

1938

20

r r-:«
I
I
I
I
I
I
I I
I I

\
\

t

15

"

I
G

./

I I
I I J,
I ,!
I I!
I

1933

I

..........•........

1928

·····0····

1923

····-a--·-

1918

--~--

1913

10

G

5

1908

o+-..a::;;......---.....----.---....--....--.---r--..---.---....--.-----,
20

30

40

50

60

70

80

Age

Figure 3.2. The age-specific cervical cancer mortality rates for recent birth
cohorts in New Zealand.
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Although the numbers of deaths usedfor the mortality rates for the youngest women are
quite small, an increase in the riskof deathfromcervical cancer appears to exist for the most recent
birth cohorts centred about 1948to 1958. Cervical cancermortality for women born about 1923to
1928may have been slightly lowerthan that for women born about 1918.
The log-linear model was applied to the same data. The age, birthcohort andtime period of
deathvalues for cervical cancer in the New Zealand population from 1953 to 1985andfor women
25 to 69 years of age, are givenin figure 3.3.
Relative risk
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Figure 3.3. The age, period and cohort values for cervical cancer mortality in New
Zealand (deviance
47.97, degrees of freedom
35).

=

=

The risk of death with age for eachbirth cohort is represented by the agevalues. The age
values are approximate average age-specific rates for the 30-year period adjusted for birth cohort
and period effects. The risk of death from cervical cancer increased linearly with ageuntil about 50
years of age after which it was essentially unaltered. Donovan (1970b) also observed that the agespecific mortality rates did not vary greatly among women 45 or more years of agewithin each birth
cohort. Figure 3.3 shows a gradual decline in the mortality experience from the earliest birth cohorts
until those centred about 1933with an apparent plateau for women born about 1903 to 1913.
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However women born about 1948 onwards show a dramaticincrease in their risk of dying from
I

cervical cancer to a level similar to that of women born last century. This increasedrisk of death from
cervical cancer illustratedin figure 3.3 represents a two-fold increase in the risk of death from cervical
cancer for the 1953-centred birth cohort over that centred about 1933. This increased risk of death
in the most recent birth cohorts appears to be similarto that for Englandand Wales (Osmond et al.
1982).
The time period of death values show little overall downwardtrend for the time periods
examined. There is some suggestion of a decline in mortality in the 1968 to 1972 and 1983 to 1985
time periods.

3.3.2.

Incidence

A similaranalysisto that described above for mortality was appliedto the table of agespecific registration rates of cervical cancer for the 1951 to 1983time period. Five-year age groups
from 20 to 85 or more years of age for the New Zealand population were used. The annual cervical
cancer registrations were aggregated over five-year periodsfrom 1951 to 1980 and a smaller
truncated 3-year time period from 1981 to 1983. The age-specificincidence rates and numbers of
registrations from 1951 to 1983 are given in table 3.5.
Table 3.5. The age-specific Incidence rates and numbers of cases of Invasive
cervical cancer In New Zealand from 1951 to 1983 (rates given per 100,000
person-years).

20Periods 24
1951-55 0.0
0
1956-60 0.0
0
1961-65 0.5
2
1966-70 0.6
3
1971-75 1.3
8
1976-80 2.0
13
1981-83 2.2
9

Aae arOUD (vears)
125- 130- 135- 140- 145- 50- 55- 160- 165- 170- 175- 180- 185+
29
34
39
44
49
54
59
64 69 74
79
84
1.7 7.7 19.7 24.3 31.9 31.4 41.7 45.6 46.6 27.3 29.2 10.9 17.6
81
40
4
28
69
93
80
93 86
27
6
93
5
2.5 9.0 24.6 35.6 33.1 36.2 35.7 45.3 35.2 27.7 33.5 25.0 19.3
15
6
9
34
93 127 110 104 88 97
67 44
38
3.5 8.5 22.7 30.9 38.2 37.7 34.9 36.0 38.9 34.9 30.5 25.7 30.7
13 32
85 79 58
19
12
88 118 136 124 97
38
3.4 9.3 19.3 25.7 28.0 33.0 29.3 27.5 34.5 36.2 23.0 23.4 16.3
15 35
74 101 106 116 93 74 77
64 30
19
8
6.7 16.7 18.4 19.7 27.1 31.0 33.1 33.4 31.0 23.8 20.2 27.4 13.9
71
76 105 116 112 103 79 47
36
76
28
24
8
12.0 21.3 26.5 29.9 31.3 23.8 33.6 30.2 31.2 22.7 28.6 20.5 20.9
72 116 121 116 117 91 120 97 90 51
45
20
14
10.7 23.2 22.0 27.2 26.9 23.9 24.5 30.4 30.7 26.1 22.4 26.0 8.3
72
4
40 84
68
59
53
54
62 56 39
24
17

All
705
831
901
815
889
1083
641
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Heterogeneity in the trends in the age-specific rates over the time period existed
(p-e 0.001). For women less than 35 years of age, the age-specific incidence rates increased
between 1966 to 1980but appearto have increased less between 1976 and 1983. About 210
women each year developed invasive cervical cancer in New Zealand and about 70% of all cervical
cancer registrations were among women 40 or more years of age in the 1981 to 1983 time period. A
graphical cohort analysis of this table of age-specific rates is presented in figures 3.4 and 3.5.

83
Rate (per 100,000
person-years)
50

•

··

/~
....l \

.~

i

40

~

~

\

\

,I

...

'

. ....:
····
·· ,........
· ...

~

\

..

,;.'
I
I,'

.

,.

.,.:..

.,

i
i
i
i
:

l

:

~

·

.,

.,

~

I

:.,

4.

I

"-

'
\ \·i
.
\
'".
. .
ir········., .
.

\:

~.

':.

i
i

1926

-- .....-_.

1916

•

1906

.....................

1896

... _- •.....

1886

...........

1876

./

I

l

l

.

:

:
:

;
..
!:

~

\\

...'!:
I'

J'
J'

\

f ;

10

I

''\

!:

:

_._ .. -&-._ ..

..

/

:

l'

:
:
:

1936

:

" .. ,.,&

,iJj

:

:

1./' '-to

~,:

1
:

:
:
:

l

•

•........;,:
.,.,:
:

20

:
:
:
::

':.

~'\,

It'"

---·-a-·_··

~

l
l
l
l

, P.
,,.:..
:

.. .......
~.

\

I

I :
I'

-.

~

'

\

,
,,

30

..........•. ..... 1946

\

\

... ...

1956

•

~

\
\it.

f

I

f J.
f: .,J
..

..

! .'.'

!
:

,I.'

./ .d.;.
! / !

l/~

L#

• I

I-

30

40

50

60

70

80

90

Age
Figure 3.4. The age-specific incidence rates of cervical cancer for alternate birth
cohorts In New Zealand.
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Figure 3.5. The age-specific Incidence rates of cervical cancer for recent birth
cohorts In New Zealand.
Within each generation the risk of cervical cancer usually peaked at about 45 to 54 years of
age (see figure 3.5). A decreasing risk of developing cervical cancer fromthe earliest birth cohorts
to those centred about 1906is shown in figure 3.4 by an overall decline in the age-specific rates for
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these birth cohort curves. Forwomen born about 1941 onwards, increasing age-specific incidence
rates were present.
The log-linear model was also applied to the age-specific incidence rates of women 20 to 69
years of ageand its solution is illustrated in figure 3.6.
Relative risk
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Figure 3.6. The age, period and cohort values for the Incidence of Invasive
cervical cancer In New Zealand (deviance 57.05, degrees fo freedom 40).
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The agevalues reflect the overall shape of the cohort age-specific incidence curves with a
peak at about 45 to 49 yearsof age followed by a subsequent small decline. The decline in the
cohort values from the earliest birth cohorts untilthose centred about 1931 was similar to that seen
in figure 3.3 for mortality. The sametype of plateau as thatseen forthe cohort mortality values was
evident in the 1911- to 1916-centred cohort incidence values. The decline in the cohort incidence
values for birthcohorts centred about 1921 to 1931 was similar to the decline in the 1918 to 1933
cohort mortality values. A successive increase in the riskof developing invasive cervical cancer
exists for women bornfrom about 1936onwards. Thisrepresents a six-fold increase in the riskof
registration of cervical cancerfor womenborn about 1956overwomen bornabout 1931.
The time period of registration values appear to reflect the increased intensity of cervical
screening in the early 1960's andthe release of the Walton report (Canadian Task Force 1976) in
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NewZealand (see chapter 4). However, these small increases might also be dueto changes in
registration or diagnostic practices. For example, in the time period 1966to 1975 microinvasive
cervical cancerwas not considered stage 1 disease but carcinoma in situ by some gynaecologists in
the Auckland area andwere classified as carcinoma in situ (Green and Donovan 1970; Cartwright
1988). Changes in registration or diagnostic practices can occurat times of increased medical
interest in the disease. Increasing publicawareness of the disease may also have contributed to the
earlier detection of invasive disease for some time periods.
3.3.3.

Stage 1 disease
Trends in the earlydetection of cervical cancermay be expected to be most evident in the

registrations classified as stage 1 disease, particularly stage 1a disease (Green 1974). Since 1972,
a few registrations of cervical cancer have not hadthe stage of disease registered but this
predominantly affectsthe registrations among olderwomen.
A graphical cohort analysis of stage 1 registrations is givenin figures 3.7 and 3.8.
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Figure 3.7. The age-specific registration rates of stage 1 cervical cancer for
alternate birth cohorts in New Zealand.
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Figure 3.8. The age-specific registration rates of stage 1 cervical cancer for
recent birth cohorts In New Zealand.

Registration rates of stage 1 disease among women 70 or more years of age were relatively
low (see figure 3.7). Successive birth cohorts centred about 1901 to 1916 (the 1906-centred birth
cohort is not shown) experienced equally spaced (5-yearly) younger ages of peak age-specific
registration rates (see figures 3.7 & 3.9). This suggests a period effect for stage 1 registrations of
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invasive carcinoma beginning about the 1956to 1960time period. This could result from changes
in the clinical staging process or an increase in the detection of cervical cancer from screening.
While the women that could be expected to have benefited most from the detection of preinvasive
disease due to the introduction of cervical screening in NewZealand are those born about 1926to
1941 who were 20 to 39 years of age about 1963 (see section 4.1), women born earlier were more
likelyto have had asymptomatic invasive disease detected because they were olderandhad higher
incidence rates at this time.
The summary from the log-linear model is givenin figure 3.9.
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Figure 3.9. The age, period and cohort values for the registration of stage 1
cervical cancer in New Zealand (deviance
46.47, degrees of freedom
35).
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The registration rate of stage 1 disease was highest for women 45 to 49 years of agewithin
eachbirth cohort after adjustment for time period changes in registration. Registration of stage 1
disease appeared relatively low for women 50 or more years of agewithin each birth cohort. An
overall decline in the registration experience for successive birth cohorts up to those centred about
1926was followed by a rapid increase for women born about 1941 onwards. This increase in recent
birth cohorts appears to be of approximately the same magnitude as for the total incidence rates of
cervical cancer in figure 3.6. The time period of registration values show a maximal effect on stage 1

90
registrations in the 1961 to 1965time period. The subsequent lowerperiod values from 1966
onwards may be partly due to a decrease in the proportion of microinvasive disease registered as
stage 1 disease in the Auckland area (Cartwright 1988) and a decline in screening activity (see
section 4.2.3.1). The small increase in the registration period values for the 1976to 1980time
period may havebeen due to an increase in detection from increased screening activity afterthe
report of the Canadian Task Force (1976). see section 4.2.

3.3.4.

Stage 2 disease
Changes in screening activity might not be expected to unduly affect the registration rate of

stage 2 disease. However. when surgical findings are usedto register the stage of the disease
someeffectfrom earlydetection could occur. A decline in stage 2 disease may be expected 5 to 10
years afterthe introduction or improvement of cervical screening programmes. A graphical cohort
analysis of stage 2 disease for recent birth cohorts is given in figure 3.10.
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Figure 3.10. The age-specific registration rates of stage 2 cervical cancer for
recent birth cohorts In New Zealand.

No age range at which registration rates were highest within each birth cohort was obvious
in figure 3.10. There was an increased risk of stage 2 disease for women born from about 1946
onwards.
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Figure 3.11. The age, period and cohort values for the registration of stage 2
53.95, degrees of freedom
35).
cervical cancer In New Zealand (deviance
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Figure 3.11 shows the results of the log-linear model applied to the stage 2 registration rate
of cervical cancer. Theriskof stage 2 disease increased withage until about 50 years of age and did
not alter much at olderages within each birth cohort. Thecohort values suggest thatthe risk of
registration of stage 2 disease hasincreased for women bomfrom about 1936 onwards. The
decline in the riskof registration for women born about 1886 to 1931 was reversed for women born
about 1911 to 1916. The period values suggest a relative deficit of registrations about the 1961 to
1970 time period. The decline in registrations in the 1961 to 1965 time period occurred at the time

stage 1 registrations increased (see figure 3. 9) suggesting a change in the classification of the
stage of disease might account for some of the increase in stage 1 registrations in thistime period.
The relative increase in period values for stage 1 and stage 2 registrations in the 1976 to 1980 time
period could be due to decreased screening activity overthe 5 to 10 years previously, improved
registration, or increased screening activity in this timeperiod.
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3.3.5.

Stage 3 disease

Stage 3 disease here refers to the combination of FIGO stages III and IV. Stage 3
registrations can be expected to havetrends similar to mortality because of the relatively poor
prognosis for cervical cancer presenting at this advanced stage (Day 1984).
A graphical cohort analysis of the registration rates of the stage 3 registrations of cervical
cancerfor recent birth cohorts is given in figure 3.12.
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FIgure 3.12. The aqe-specltlc registration rates of stage 3 cervical cancer for
recent birth cohorts In New Zealand.

A successive decline in the registration rates of stage 3 disease in the last age group
included for each birth cohort in figure 3.12 suggests a strong period effect. This corresponds to a
decline in the risk of stage 3 registration for the 1976 to 1980 and 1981 to 1983 time periods in
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almost all agegroups. This pronounced period effect makes inferences aboutbirthcohort
dependent changes in the registration ratesof stage 3 disease difficult from figure 3.12.
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Figure 3.13. The age, period and cohort values for the registration of stage 3
cervical cancer In New Zealand (deviance
26.06, degrees of freedom
30).

=

=

The age, period and cohort values of the log-linear model applied to the stage 3
registrations of cervical cancer are givenin figure 3.13. The agevalues for stage 3 registrations
reached a maximum about 45 to 54 years of age. Surprisingly, unlike mortality, the riskof
registration with stage 3 disease declined for women 55 or more years of agewithin each birth
cohort. The cohort values have highervalues for the earlier birthcohorts than those seen for
mortality in figure 3.3. The risk of registration of stage 3 disease increased slightly for women born
about 1936 but may not have increased further for the subsequent birth cohorts. Because of the
small number of registrations of stage 3 disease among women under30 years of age, onlybirth
cohorts up to about 1951 are represented.
The period values might indicate increased case ascertainment up until the 1971 to 1975
time period. The pronounced decline in the registration of stage 3 disease from 1976to 1983
mightbe due to increased numbers of registrations that did not have the stage of disease
registered andthe effects of increased screening activity in earlier time periods. Also, the staging
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system used by the Cancer Registry altered after1976(see section 3.2.1) but thiswas unlikely to
have caused such a dramatic decline in the period values. The decrease in the period values for the
1981 to 1983 time period is based on veryfew registrations of stage 3 disease but persisted when
the time periods were altered so that a time period value for 1979 to 1983, based on a larger number
of registrations, couldbe estimated.
3.3.6.

Prediction of future trends to beyond the year 2000
3,3,6,1, Introduction to projections

Osmond (1985) hasused the log-linear model to estimate future female lung cancer
mortality in England and Wales. Linear extrapolation of the cohort and period effects, the logarithms
of the cohort and period values, and their recombination withthe age effects, allowed estimation of
future age-specific rates. Osmond (1985) suggests that the estimated age-specific rates are
independent of the choice of identification used in the log-linear model. Birth cohort effects in any
trends can therefore be included in the projected rates. Such birth cohort effects are poorly
tolerated by linear extrapolation of summary measures such as age standardized rates.
Since cervical cancer trends in NewZealand show a marked increase in the riskof death and
disease in the most recent birthcohorts, linearextrapolation of birthcohort effects was notused.
Instead, two methods of estimating the risk of death anddisease in future birth cohorts were used,
Firstly, for future generations of women at risk, the cohort values were maintained at the same level
as that estimated for women in the most recent birthcohort included in the log-linear model
(subsequently labelled method C1). Secondly, the riskfor future generations of women was set at
62%of the cohort value estimated for women in the most recent birth cohort included in the loglinearmodel (subsequently labelled method C2). The 62%reduction fromthe value estimated for
women in the most recent birthcohort in the log-linear model hasbeen chosen because thiswas
the amount the female newcase rates of gonorrhoea for Auckland, Wellington. Christchurch and
Dunedin declined in the most recent time periodstudied (see figure 3.16).
Linear extrapolation of the period effects for cervical cancer mortality produced time period
values from 1988to 2003 of unity. An overall increase in the period effects for the incidence of
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cervical cancermay have been due to bettercase ascertainment from 1951 to 1983, therefore
rather than linearly extrapolating the period effects, future period values were also set at unityfor the
projection of the incidence rates. Therefore, these projected age-specific rates are dependent on
the particular age, period and cohort values of the log-linear model and are not independent of the
identification problem. For the time period 1983 to 1987the projected age-specific mortality rates
were kept at the same level as those observed for the shorter 1983to 1985time period. Similarly,
the projected incidence rates for 1981 to 1985were .chosen to be those observed for the 1981 to
1983 time period.
For the following projections of the mortality andincidence of cervical cancerthe log-linear
model was applied to the age-specific rates shown in tables 3.4 and 3.5 of section 3.3 withthe 85 or
moreyear age groupthe uppermost included. Therefore the age, period and cohort values for
mortality and incidence used in these projections were different, to a smalldegree, from those given
in figures 3.3 and 3.6 of section 3.3 which only usedrates for women up to 69 years of age.
The recent andfuture cohort and period values usedin theseprojections of cervical cancer
mortality and incidence are given in table 3.6.
Table 3.6. The recent and future cohort and period values used in the
projections of cervical cancer mortality and Incidence.

Years
1956
1961
1966
1971
1976
1981
1981-85
1986-90
1991-95
1996-00
2001-05

Incidence
Cohort values Period values
C2
C1
2.55
2.55
3.99
3.99
2.47
3.99
2.47
3.99
2.47
3.99
2.47
3.99
0.93
1.00
1.00
1.00
1.00

Years
1953
1958
1963
1968
1973
1978
1983-87
1988-92
1993-97
1998-02
2003-07

Mortality
Cohort values
C2
C1
1.29
1.29
1.06
1.06
0.65
1.06
0.65
1.06
0.65
1.06
0.65
1.06

Period values

0.98
1.00
1.00
1.00
1.00

Projections over a further20 years have been made. Part of this time period has already
occurred due to the lag between the collection of the data andtheir subsequent publication.
Projections of the population at risk have been made assuming lowfertility, medium short-term
migration and zero long-term net migration (Department of Statistics 1984b). This enabled the
prediction of the future case load and mortality fromcervical cancer for forward planning. No change
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in cervical screening practices, case recognition or survival has been assumed. Such changes
could significantly alterthese projections of the incidence and mortality of cervical cancer.
3.3,6,2, Mortaltty from cervical cancer; projections
Tables 3.7 and3.8 present recent and projected age-specific mortality rates andnumbers
of deaths from cervical cancer. The projected figures are bordered by the double line.
Table 3.7. The projected age-specific mortality rates and deaths from cervical
cancer In New Zealand under C1 (rates given per 100,000 person-years).

Periods
1978-82
1983-87
1988-92
1993-97
1998-02
2003-07

Aoe orouo (years)
20- 125- 130- 135- 140- 145- 150- 55- 160- 165- 170- 175- 180- 185+
24 29 34 39 44 49 54 59 64 69 74 79 84
0.2 3.3 4.6 5.2 6.3 10.4 13.8 14.1 17.2 20.3 19.0 22.2 27.3 20.5
1
20 27 25 26 38 52 51 56 60 45 37 28 15
0.0 1.8 4.0 8.7 6.8 16.0 10.2 11.9 15.5 13.7 16.0 16.6 22.6 19.5
12 25 50 32 62 37 43 55 42 42 32 27 17
0
0.0 1.8 4.7 11.4 10.6 10.7 13.1 11.0 12.5 15.6 16.4 17.5 17.5 17.0
0
13 30 70 52 45 47 41 46 50 46 36 22 15
0.0 1.8 4.7 9.3 14.2 15.9 12 13 11.3 13.1 15.1 15.8 17.4 15.3
14 34 60 88 77 50 46 41 45 44 37 27 17
0
0.0 1.8 4.7 9.3 11.6 21.2 17.7 11.9 13.4 11.9 12.7 14.5 15.8 15.3
13 36 67 75 130 85 49 46 41 40 36 28 22
0
0.0 1.8 4.7 9.3 11.6 17.3 23.6 17.6 12.2 14 11.512.214.4 13.8
12 35 72 84 111 143 83 48 45 36 32 27 23
0

All
481
473
513
580
668
751

Table 3.8. The projected age-specific mortality rates and deaths from cervical
cancer In New Zealand under C2 (rates given per 100,000 person-years).

Periods
1978-82
1983-87
1988-92
1993-97
1998-02
2003-07

Aae orouo (years)
20- 125- 130- 135- 140- 145- 150- 55- 160- 165- 170- 175- 180- 185+
24 29 34 39 44 49 154 59 64 69 74 79 84
0.2 3.3 4.6 5.2 6,3 10.4 13.8 14.1 17.2 20.3 19.0 22.2 27.3 20,5
1
20 27 25 26 38 52 51 56 60 45 37 28 15
0.0 1.8 4.0 8.7 6,8 16.0 10.2 11.9 15.5 13.7 16.0 16.6 22.6 19.5
0
12 25 50 32 62 37 43 55 42 42 32 27 17
0.0 1.1 4.7 11.4 10.6 10.7 13.1 11.0 12.5 15.6 16.4 17.5 17.5 17.0
0
8
30 70 52 45 47 41 46 50 46 36 22 15
0.0 1.1 2.9 9.3 14.2 15.9 12.0 13.0 11.3 13.1 15.1 15.8 17.4 15.3
21 60 88 77 50 46 41 45 44 37 27 17
0
8
0.0 1.1 2,9 5.8 11.6 21.2 17.7 11.9 13.4 11.9 12.7 14.5 15.8 15.3
22 42 75 130 85 49 46 41 40 36 28 22
0
8
0.0 1.1 2.9 5.8 7.2 17.3 23.6 17.6 12.2 14.0 11.5 12.2 14.4 13.8
22 44 52 111 143 83 48 45 36 32 27 23
0
8

All
481
473
508
561
624
674

The projected rise in the number of deaths fromcervical cancer overthe next twenty years
wasgreater after1993. Thiswas dueto the relatively lowage-specific risk of death from cervical
cancer among younger women (see figure 3.3). Survival is greatest in theyounger age groups

99 (Smales et al. 1987; Meanwell et al. 1988) and mayonlypartly be dueto earlierdiagnosis.
Therefore, while the incidence of cervical cancerwould be high in the recentbirth cohorts, this
would result in only a modest increase in the overall mortality for several decades. The number of
deaths also increased because of the relatively large groupof women born from 1945to 1954, the
so-called baby boom generations, entering the olderage groups at a higherrisk of deathfrom
cervical cancer. Among women 40 to 54 years of agethe increase in the numbers of deaths may be
greaterthan two-fold by the 2003 to 2007 time period. In both projections, over 80% of the deaths
continued to occur among women40 or moreyears of age.
Figure 3.14 below shows the trend in the cumulative mortality of cervical cancer for women

oto 74 years of age and its projected future level.
Cumulative
mortality(%)
1.0

0.5

C1

---•••----

C2

0.0 -j--..,.---.,..--,.---.--.....----,r-----..---,----.----r---.---,
1950
1960
1970
1980
2000
1990
2010
Period

Figure 3.14. Trend and projected trend In the cumulative mortality of cervical
cancer In New Zealand.
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The cumulative mortality increased a relatively small amount when projected for the next
twenty years regardless of the cohort values chosen. But. the previous decline in cervical cancer
mortality was reversed with the projections used.
Increased preventive measures implemented nowwould not be expected to reduce the
mortality from cervical cancer until 5 to 10 years had elapsed. Theywould. however. reduce longerterm mortality providing effective recall for women screened could be maintained.
3.3.6.3. Invasive cervical cancer: projections

The two projections of invasive cervical cancer based on the different projected cohort
values are givenin tables 3.9 and 3.10.

Table 3.9. The projected age-specific Incidence rates and numbers of women
developing invasive cervical cancer in New Zealand under C1 (rates given per
100,000 person-years).

20Periods 24
1976-80 2.0
13
1981-85 2.2
15
1986-90 2.3
17
1991-95 2.3
17
1996-00 2.3
16
2001-05 2.3
13

Ace orouo (years)
125- 130- 135- 140- 145- 50- 55- 160- 165- 170- 175- 180- 185+
54 59
64 69 74 79 84
34 39 44 49
29
12.0 21.3 26.5 29.9 31.3 23.8 33.6 30.2 31.2 22.7 28.6 20.5 20.9
72 116 121 116 117 91 120 97 90 51 45 20 14
10.7 23.2 22.0 27.2 26.9 23.9 24.5 30.4 30.7 26.1 22.4 26.0 8.3
28
7
67 140 113 120 98
88
90 103 93 65 40
18.9 35.5 51.1 40.0 35.4 26.2 23.4 23.6 26.5 22.0 18.7 16.1 13.3
21 12
132 227 314 196 150 94 87 86 85 61 38
18.9 55.6 65.7 67.1 44.3 33.4 25.6 22.5 22.0 19.8 19.0 15.6 11.8
142 399 423 414 216 139 90 81 76 58 45
24 13
18.9 55.6102.786.3 74.3 41.932.624.621.0 16.5 17.115.9 11.4
28 16
137 426 741 558 455 201 133 84 72 52 42
18.9 55.6102.7134.995.6 70.2 40.8 31.3 22.9 15.7 14.3 14.3 11.6
38 27 19
129 412 791 976 614 424 192 124 74 49

All
1083
1067
1520
2137
2961
3882
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Table 3.10. The projected age-specific Incidence rates and numbers of women
developing Invasive cervical cancer In New Zealand under C2 (rates given per
100,000 person-years).

20Periods 24
1976-80 2.0
13
1981-85 2.2
15
1986-90 1.4
11
1991-95 1.4
10
1996-00 1.4
10
2001-05 1.4
8

Aae orouo (vearsl
125- 130- 135- 140- 145- 150- 55- 160- 165- 170- 175- 180- 185+
29
34
39
44
49
54 59
64 69 74
79
84
12.0 21.3 26.5 29.9 31.3 23.8 33.6 30.2 31.2 22.7 28.6 20.5 20.9
45
72 116 121 116 117 91 120 97 90
51
20
14
10.7 23.2 22.0 27.2 26.9 23.9 24.5 30.4 30.7 26.1 22.4 26.0 8.3
40
28
7
67 140 113 120 98
88
90 103 93
65
18.9 35.5 51.1 40.0 35.4 26.2 23.4 23.6 26.5 22.0 18.7 16.1 13.3
132 227 314 196 150 94
87 86 85
61 38
21 12
11.7 55.6 65.7 67.1 44.3 33.4 25.6 22.5 22.0 19.8 19 15.6 11.8
45
24 13
58
88 399 423 414 216 139 90 81 76
11.734.5102.786.3 74.341.932.624.621.0 16.5 17.115.9 11.4
42
28 16
52
85 264 741 558 455 201 133 84 72
11.734.563.7134.995.670.240.831.322.9 15.7 14.3 14.3 11.6
27
19
80 255 490 976 614 424 192 124 74 49 38

All
1083
1067
1514
2076
2741
3370

These two projections assume that screening practicesdo not change. It is estimatedthat
this would produce about twice the current number cases of invasivecervical cancer per annum for
the 1991 to 1995 time period in New Zealand regardless of the projected cohort values chosen.
The projected increase in the case load among some younger age groups was much greater than
two-fold. Over 65% of the cases of invasive cervical cancer in both projections continuedto occur
among women 40 or more years of age.
Projected cohort values only influenced the age-specificrates of the youngest age groups,
therefore the choice of the projected cohort values, from linear extrapolationof the cohort effects or
otherwise, appears to have a relatively small effect on the projected numbers of deaths and cases of
cervical cancer over the 20-year period. This period is short compared to a woman's expected
lifetime.
These projections emphasize the necessity for an effective response from the health
service for urgent effective preventive measures if a reduction in the expected morbidityfrom this
disease is to be achieved. It must be remembered that many of the numbers of women developing
cervical cancer in the 1981 to 1990 time period have alreadyoccurred.
Figure 3.15 below shows the trend in the cumulative incidenceof cervical cancer for women

oto 74 years of age and its projected future level.
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Figure 3.15. Trend and projected trend in the cumulative incidence of cervical
cancer for women 0 to 74 years of age In New Zealand.

The projected cumulative incidence increased dramatically overthe nexttwenty years
regardless of the cohort values chosen. This suggests that it is important that preventive measures
are improved if this projected epidemic of invasive disease is to be contained. Primary prevention
encouraging a reduction in the numbers of sexual partners of men andwomen, the cessation of
smoking and encouraging the use of barrier methods of contraception would reduce the
prevalence of the agent causing cervical cancer in the population. However, the leadtime between
exposure to the agent and the development of cervical cancer means that the reductions in the
incidence and mortality of cervical cancerachieved by these measures would take 15 to 20 years to
become apparent. Even the secondary prevention achieved by an organized cervical screening
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programme would take 5 to 10 years to achieve any noticeable reduction in the incidence and
mortality of cervical cancer. Also, primary prevention of exposure to the causal agent or agents for
cervical cancer would not benefit the women who have been exposed already who canbe
expected to contribute almost all of the incidence andmortality of cervical cancer overthe next20
years at least. However, an organized screening programme would benefit thesewomen.
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3.4. Discussion
3.4.1.

Cervical cancer amongst recent birth cohorts
The overall incidence and mortality of cervical cancer have bothdeclined over the 30 years

studied (see figure 4.1: section 4.2.3.1) but further reductions are unlikely without improved
preventive measures. Recent increases in the age-specific rates among women under 50 years of
age hasprevented anyfurtherreduction in the mortality and incidence of cervical cancer. This
increase in the riskof cervical cancer among young women in New Zealand wasfirst noticed in 1978
(Green 1978). Hill and Adelstein (1967) have shown that an increased riskamong young women is
likely to persist throughout the lifetime of these generations. That is, cervical cancer trends are
strongly influenced by changes in the exposure to riskfactors among different generations of
women. Similar increases in the mortality or incidence of cervical cancer among young women have
been found in the United Kingdom (Barrett 1973; Cook and Draper 1984), Australia (Armstrong and
Holman 1981), Canada (Ayiomamitis 1987; Clarke et al. 1987) and Sweden (Petterssonet.aI. 1985).
In the 1978 to 1985 time period mortality rates for women under35 years of age have decreased in
New Zealand. In Australia, cervical cancer mortality declined for women under 30 years of age
during the 1980 to 1984time period (Holman and Armstrong 1987). The risk of cervical neoplasia
maybe reduced among women born about 1960 or an increased intensity of screening among
young women from 1976onwards might have decreased the mortality among younger women
recently. More years of observation of these emerging birthcohorts of women are required to see if
this lower risk of mortality persists.
No obvious reduction in the mortality or incidence of cervical cancer wasseen thatcould
have been confidently attributed to cervical screening in NewZealand. This is an indictment on the
NewZealand health service which hasprovided thisservice for over25 years. Still, the period
values fromthe log-linear model do suggest thatthe mortality and, to a slightly greater extent, the
incidence of cervical cancermaybe beginning to be decreased by previous cervical screening.
There was some evidence in the 1981 to 1983 time period of a reduction in the registration of stage
3 disease. Trends in the registration of advanced disease would be expected to be reflected in the
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trends in mortality (Day 1984). However, the trend in stage 3 registration rates was not strongly
represented in the mortality ratesof the 1983to 1985timeperiod and relied on small numbers of
registrations. Therefore, the reduction in the registrations of stage 3 disease could: be fortuitous
with small numbers of registrations in the most recent timeperiod, reflect changes in the staging
practice for cervical cancerthat began after 1976, reflect the increased proportion of registrations for
whomthe stage was undetermined, represent a decreased overall registration of cancerwhich
might affectadvanced disease disproportionately, indicate that survival of stage 3 disease has
improved or reflect inaccuracies in the certification of death from cervical cancer in those with
advanced disease. Of these possible reasons, the increase in the proportion of registrations for
whomthe stage of disease has not been coded may be most important. All stages haveshown
decreases in the period values for the 1981 to 1983time period with the log-linear model.
However, sincetreatment is less likelyto effectthe outcome of advanced disease, the accurate
staging of the disease maybe less important to clinical management resulting in a deficit of
registrations of stage 3 disease. The distribution of agevalues for the stage 3 registration rates also
suggested a relative deficit of registrations among women over50 years of age when compared to
the distribution of age values for cervical cancermortality.
An overall decline in the cohort values for successive cohorts with an increase in the riskof
developing or dyingfrom cervical cancerfor generations born about 1936onwards was present.
There was a partial reversal of this downward trend in cervical cancer for women bornabout 1913
and 1918. This represented women who were 25 to 34 years of age during and immediately after
World War 11. This effect was smaller than that seen in the United Kingdom forwomen bornabout
1911 to 1920 (Osmond et al. 1982).
While the increased risk among the most recent generations of women was not present
strongly for the registration of stage 3 disease, it was present for the otherstages of cervical cancer
andfor cervical cancermortality. Therefore, the increased riskamong recent generations was
consistent and was not entirely due to an increased detection of early stagecancerfrom increased
cervical screening activity that mightexplain the increase in the stage 1 registrations among young
women. The lowercohort mortality values, compared to the cohort incidence values, for the most
recent generations of women may have beendue to the greater survival of cervical cancer among
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younger rather than olderwomen (Ashby 1987; Russell et al. 1987; Smales et al. 1987; Milner and
Watts 1987; Meanwell et al. 1988). Therefore, when the riskof developing the disease increases
among young women the mortality increases proportionately less in these agegroups.
The age-specific incidence rates are the approximate probability of developing cervical
cancer in the immediate future for each agegroup (see table 3.5). Theriskof cervical cancer in the
1981 to 1983 time period was similar irrespective of ageforwomen 30 or more years of age. This
was dueto the recent increased riskof cervical cancer among women of generations under 50 years
of age in the 1980's.
There has been concern amongst some clinicians thatthe natural history of the disease may
have changed and become more aggressive. Several studies have failed to substantiate this
hypothesis (IARC Working Group on Cervical Cancer Screening 1986; Ashby 1987; Russell et al.
1987; Smales et al. 1987; Milner and Watts 1987; Robertson et al. 1988; Meanwell et al. 1988). As
the Iiklihood of developing cervical cancer increases at younger ages, andthese women are more
frequently receiving cervical smears (Jones et al. 1988), more women will be discovered with
cervical cancer who have had a recent negative cervical smear. Thisis notnecessarily evidence that
cervical screening is notworking but thatthe increased risk of cervical cancer among young women
is so large that the incidence is increasing in these agegroups despite the numerous women being
prevented from developing cervical cancer by screening. As a consequence, a greater proportion
of those diagnosed with cervical cancer become the false negatives or failures of follow up of the
cervical screening service. This might have been falsely interpreted as evidence of a more
aggressive form of cervical cancer in young women. Moreover, the length biasthat can occur when
screening for disease (Morrison 1985) can mean interval cancers may be more rapidly progressive.
Therefore, the overall incidence of cervical cancer maybecome lower than that expected fromthe
exposure to known riskfactors while the proportion of invasive cancers discovered which appear
more rapidly progressive increases. Therefore, screening more frequently mayincrease the
proportion of cervical cancers which appear to be rapidly progressing and more women who
develop cervical cancer mayhave hada recent negative cervical smear because more women with
cervical cancer will appear to be failures of the screening service. Women whohave had a recent

107
negative smear may also feel reassured anddelay medical examination when symptoms of cervical
cancer develop giving a clinical impression of a rapidly progressing tumour.
3.4.2.

Cervical screening
A decrease in the mortality fromcervical cancer should bethe aimof anycervical screening

programme and is the ultimate measure of its effectiveness. The lagperiod between the gradual
introduction of cervical screening and any observed effect on mortality rates creates difficulties in
the interpretation of trends. The analysis in thischapter relies on the effects of cervical screening
being seen predominantly in the changes in incidence and mortality among different time periods
with alterations in otherriskfactors producing changes in the riskof disease between different
generations of women. The different methodology andthe assumptions used in chapter 4 of this
thesis suggest that the recent increase in the incidence of cervical cancer among recent
generations of women mayhave been higher hadprevious screening activity been lower in New
Zealand. However, the analysis in this chapter did not show the benefits of screening seen in the
cohort analysis of trends in cervical cancer of some other countries (Hakama 1982).
In the past, gynaecologists (Green 1966) andgeneral practitioners (SI. George 1975) have
notfelt cervical screening would reduce the mortality of cervical cancer in New Zealand. However,
NewZealand doctors are nowchanging their attitudes (SI. George 1985) but others appear yet to
do so (Green 1985; Skrabanek and Jamieson 1985).
Green (1966, 1970a, 1974, 1978, 1979 & 1981) looked for changes in the crude mortality
and incidence rates and standardized mortality ratios between successive time periods. When
assessing changes in the age-specific rates he used a 30-year age span from 35 to 64 years to
assess anyfavourable effects fromthe introduction of cervical screening on mortality. Johannesson
and Day (1979) suggested a 10% reduction in mortality dueto cervical screening would not be
apparent in Green's method of analysis. Thelackof anyobvious evidence of a favourable effect on
cervical cancer mortality or incidence from past cervical screening activity observed by Green has
been confirmed by this analysis. Nevertheless, changes in cervical screening activity since 1976
may yet have a measurable impact on the mortality and incidence of cervical cancer in New Zealand.
In Victoria, Australia, cervical screening hasdecreased among women 30 or more years of age while
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increasing among women under30 years of age since 1976(MitcheIl1987). Thischange in the
population screened can be expected to decrease the impact of screening on the mortality of
cervical cancer because the olderwomen are at the most immediate risk from the disease. Similar
trends in screening in NewZealand if they have occurred could partly explain the lack of observed
impact of cervical screening on the mortality and incidence of cervical cancer.
MacGregor et al. (1985) suggested thatthe protective effect of a negative cervical smear
decreases withthe amount of time since the smear wastaken butthat a small residual favourable
effect remains. Many of the women at riskof cervical cancer in recent birth cohorts in New Zealand
have had a cervical smear yet no obvious favourable effect on cervical cancer mortality has been
seen. Thissuggests that such residual protection from a negative cervical smear, if it occurs, has
been small in NewZealand. Green (1981) noted the increased proportion of women developing
cervical cancer who hadhada negative smear 5 or feweryears before theirdiagnosis at National
Women's Hospital. However, these women mayhave also hadpositive smears within the previous 5
years as well for which adequate treatment was notgiven (Cartwright 1988). Therefore, the
absence of a largefavourable effect on the mortality and incidence of cervical cancer from screening
in NewZealand might not be entirely dueto poorscreening coverage of the population most at risk
of cervical cancerbut dueto the inadequate management of preinvasive disease detected.
An increased interest in the staging of cervical cancer when cervical screening programmes
were piloted in the early 1960's (see section 4.1) mayhave increased the Iiklihood of a change in
the staging of cervical cancer recorded by the Cancer Registry. Thismight explain the increase in
stage 1 registrations and the associated decrease in stage 2 registrations seen in the 1961 to 1965
time period values of the log-linear model used. However, compensatory changes in the
registration of stage 2 cervical cancer did not appear to occurwhen stage 1 registrations increased
in the 1976to 1980time period.
In Finland, screening appeared to produce a bimodal age distribution for cervical cancer
mortality rates (Hakama and Penttinen 1981; Parkin et al. 1985). A small favourable effect from
cervical screening hasalsobeen observed for some birth cohorts in Scotland (Cook and Draper
1984). Allowing for hysterectomy rates did not altertheirobservation. It is possible thatthe increase
in cervical cancer mortality among recent generations in NewZealand hasbeen accentuated by a
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decrease in effective screening activity among young women during the 1965 to 1975 time period
(figure 4.1: section 4.2.3.1). This couldoccurfroma decreased proportion of women most at risk
having smears, an overall decline in the coverage of young women by screening, or less effective
treatment of carcinoma in situ (Cartwright 1988).
If the riskof developing cervical cancer hasincreased four-fold for the most recent birth
cohorts compared with those born about 1931, then a screening programme preventing 80% of
cervical cancer in the NewZealand population might be expected to decrease the mortality
experience of the most recent birth cohorts only to the level observed for women born about 1931.
Therefore, to rely on cervical screening to reduce the recent increase in cervical cancer among
young women may require accepting cervical cancer rates in these recent birth cohorts at least
equal to that observed so far for women born about 1931. However, the mortality of cervical cancer
for almost all generations would be considerably diminished by an effective organized cervical
screening programme.
3.4.3.

Sexual behaviour In New Zealand
Martin (1967) hypothesized that cervical cancer may be an end result of a sexually

transmitted disease. It was considered that unstable sexual relationships among men and women
were risk factors for cervical cancer. Buckley et al. (1981) have shown that a woman's risk of cervical
neoplasia is dependent on the number of sexual partnerships of her husband. Skegg et al. (1982)
hypothesized that male sexual behaviour may explain geographical and secular trends in cervical
cancer aswell asthe observed age adjusted social class gradient. The social disruption during and
afterWorld War11 wasconsidered to have ledto greater numbers of sexual partners among men and
women with a subsequent increase in the risk of cervical cancer in the United Kingdom for women
who were young adults at thistime (Hill and Adelstein 1967). Figures 3.3 and 3.6 suggest that in
New Zealand the declining risk of cervical cancer among successive generations up to those born
about 1931 was halted briefly for women who were about 25 to 34 years of ageduring World War11.
Almost no information on the numbers of sexual partnerships experienced by New Zealand
men and women by age andbirthcohort exists. However, 2034 women attending a family planning
clinic reported an average number of 6.35 sexual partners by a mean ageof 22.8 years of age
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(Bagshaw and Edwards 1987). Sexual behaviour in NewZealand, as in some othercountries has
probably changed over the past 25 years.
Some information aboutage at first coitus is available. Davis (1977) found that the age at
first coitus had become progressively younger sincethe early 1960's in NewZealand women
attending a sexually transmitted disease clinic. Comparing this clinicpopulation with a groupof
technical institute students he considered a socialclass gradient to existfor the ageof first coitus of
men and women. He also considered the peergroupwas the greatest influence on the age at first
coitus. Irwin(1976) in a studyof a select population of physical education andteachers college
students suggested that women may have a slightly earlier age at first coitus than men in New
Zealand. She also found that men in her sample reported more sexual partners than women. Each
of these studies used a selected studypopulation that was not representative of the NewZealand
female population in the age groups studied.
NewZealand society has been similar to some otherWestern Countries who, apart fromthe
United States, have also experienced increased cervical cancerrates among some younger
generations of women. Changes in sexual behaviour in NewZealand mightbe inferred fromthe
changes in sexual behaviour in these countries to be similar.
A change to an earlier age at first coitus mayhave been partly responsible for the increased
riskof cervical cancerat any givenagefor recent generations of women by increasing the period at
risk (Rotkin 1967b). However, a largerpopulation attributable risk is likely to result from an increase
in the numbers of sexual partners amongst women and their male partners in recent generations.
The availability of effective non-barrier methods of contraception may have decreased the worryof
unplanned pregnancy from earlyor more frequent malesexual relationships among women. The
paucity of information about sexual relationships among menandwomen makes a precise
assessment of the contribution of sexual behaviour to recent increases in cervical canceramong
young women difficult.
Of all the riskfactors that mayexplain the trends in cervical cancer, those associated withthe
sexual behaviour of men and women and previous cervical screening are likelyto be the biggest
contributors. This is because they have largerelative risks associated with adverse exposure and
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they affect the great majority of the population producing large attributable risks from adverse
exposure.
3.4.4. Gonorrhoea, herpes and human paplllomavlrus among women In New
Zealand
Following the approach used by Seral (1974), the number of female sexually transmitted
disease (STD) clinic new cases of gonorrhoea per hundred thousand women in different birth
cohorts might indicate the degree of riskof dying from cervical cancer for successive birth cohorts of
women. As the incidence of gonorrhoea in women is highest about the age of twenty it mayprovide
an early predictor of cervical cancer risk for birth cohorts who are currently too young to make any
impact on the incidence of cervical cancer. In this way the study of female new case rates of
gonorrhoea may allow some predictions of the expected cervical cancer incidence for birth cohorts
yet to experience cervical cancer. The methods of diagnosis of gonorrhoea have probably changed
less since earlythis century than for other sexually transmitted diseases. Thechanges in male
sexual behaviour andthe absence of condom usethat may conteran increased riskof cervical
cancer would be included by studying the female new case rates of gonorrhoea compared to
assessing only the changes in the sexual behaviour of women.
Recognized STD clinics have existed in thirteen main centres in New Zealand and the
annual number of newcases of gonorrhoea in first timevisitors to these clinics were, until recently,
recorded in the Annual Reports of the Department of Health. Only cases fromAuckland,
Wellington, Christchurch and Dunedin have been examined because only these clinics have
existed since at least 1920. Otherclinics began since 1967. However, improved treatment since
the availability of effective antibiotics and changes in the level of contact tracing may have changed
the incidence of gonorrhoea in the population over the time period examined as well as changes in
the risk factors for the disease.
Newcase rates of gonorrhoea can not be considered as incidence rates. A person may
have had the disease for some time before presenting to the clinic. Changes in the reporting rates
with time mayoccur, particularly if many are the result of thecontact tracing of infected males. Also,
undiagnosed cases may be treated by antibiotics for other conditions unknowingly. Further, the
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proportion of women attending the STDclinics compared to the treatment from private practitioners
maychange with time. Platts (1979a) provided estimates theproportion of cases, both male and
female combined, treated privately for different regions in New Zealand. These aregiven in table
3.11.
Table 3.11. The estimated proportIon of cases of gonorrhoea not seen In hospital
clinIcs In the years 1976 and 1977 for four areas of New Zealand (Platts 1979a).
Area
Auckland
Wellington
Christchurch
Dunedin

Percentorlvatelv treated
56.5%
26.1%
24.3%
29.6%

The overall proportion of cases seen privately appeared to be about 46 percent. Platts
(1979a) also indicated thatthe female to male newcaseratio had increased from 1:4.5 to 1:1.8 over
the time period from 1955to 1977. This mayhave been dueto changing sexual behaviour among
women or their male sexual partners and better contact tracing. Changes in the new case rates of
gonorrhoea maybe dueto a number of factors, however large changes or reversals in trends may
be more likelyto indicate underlying trends in the incidence of gonorrhoea.
The largeproportion of privately treated cases in the Auckland region might preclude their
inclusion in any analysis of the trends in gonorrhoea, but a large proportion of the population lives in
this region. The STD clinic female newcase rates of gonorrhoea fromAuckland, and Wellington,
Christchurch and Dunedin combined, together withthe combined rate for all four main centres, are
given in figure 3.16for the 3-yearperiod 1922 to 1924, the 5-year time periods from 1925 to 1979
andthe 3-yeartime period 1980to 1982.
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Figure 3.16. The trend In the female new case rates of gonorrhoea at the STD
clinics In the major cities of New Zealand.
While these newcase ratesare not adjusted for age, the majority of cases probably
occurred among women aged 15 to 29 years of age (Platts 1979b). The denominators of these
rates were the total urban areafemale population. Theurban areas used to estimate the population
at riskwere those usedin the successive population censuses. However, estimates were usedfor
the 1931 and 1941 urbanfemale populations for the denominators in the respective 1930 to 1934
and 1940 to 1944time periods. While a particular age range rather thanthe totalfemale population
would have been appropriate, the age distribution of the urban areafemale population was
unavailable for the 1930to 1934and 1940to 1944 time periods. Estimating these from the
population censuses of adjacent time periods would be difficult, particularly for the latter time period
because of wartime variations in the population.
The changes withtime in the proportion of cases of gonorrhoea seen privately in Auckland
were notavailable. The impact of servicemen in Auckland during thewar and at disembarkation at
the end of World War 11 was evident. The increased rate of gonorrhoea among women atthistime
appears to have persisted until the late 1940's. A decline in female newcase rates among the other
three centres mayhave begun before the war. Assuming the STD clinic new case rates of
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gonorrhoea peak at about 20 years of age, an approximate risk for each birth cohort of women may
be inferred. An increase in gonorrhoea was apparent for all centres after1963 (approximate birth
cohort centred 1943), with a leveling off about 1972, anddeclined from 1977 to 1982. This recent
decline was most marked in thethree urban areas withthe lowest proportions of cases of
gonorrhoea seen privately and mayrepresent an increased useof private practitioners for
treatment. However, trends in the proportion of female cases treated privately since 1977were
unknown.
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Figure 3.17. The estimated relative risk (relative to an average birth cohort) of
gonorrhoea and cervical cancer for birth cohorts of women In New Zealand.
Figure 3.17 shows the cohort values for the mortality and incidence of cervical cancer
obtained from the log-linear model andthe female newcase rates of gonorrhoea relative to their
average during the entire period and attributed to the birthcohort likely to have contributed most to
the rates obtained. The newcase rates of gonorrhoea for women in the four urban areas expressed
in figure 3.16do not appear to reflect the cohort values obtained from cervical cancer mortality and
incidence in NewZealand. This mayhave been dueto an inability to adjust for age when calculating
the female newcase rates of gonorrhoea, the incompleteness of the number of women treated for
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gonorrhoea usedfor the numerators andthe use of the totalpopulation cervical cancer experience
rather thanthe cervical cancer experience of urbanwomen alone in this comparison.
Reports of an increase in the prevalence of human papillomavirus in NewZealand are
difficult to interpret (Lyttle et al. 1985; Hicks et al. 1987). Wart virus infection has become more
widely recognized since the introduction of colposcopy and some evidence that it may be an
aetiological agent for cervical cancer has become available. Both of these influences may lead to
increased diagnosis anddetection. Genital warts have been found to be associated with an
increased prevalence of cervical cytological abnormalities in a STD clinic in NewZealand (Lyttle et al.
1985) and are reported to have increased recently (Platts 1979a). However, accurate estimates of
the prevalence of human papillomavirus infection for the different subtypes in a representative
sample of the population are needed over several years before trends in this infection can be
determined accurately.
Genital herpes has been considered as a possible causal agent for cervical cancer (Rawls et
al. 1968). A study in NewZealand found the prevalence of herpes simplex type 2 viral antibodies to

be 23% among 53 women attending a gynaecological clinic andan unadjusted prevalence odds
ratio of 1.6 (95% confidence interval 0.7 to 3.4)for the riskof invasive cervical cancer or carcinoma in
situ for women with antibody to herpes simplex type 2 compared to othergynaecological outpatient
controls (Rawls et al. 1970). Lyttle et al. (1985) did notfind any association between a history of
herpes infection andcervical abnormalities in her STDclinic population in New Zealand. Genital
herpes appears to have become more prevalent through the 1970's in NewZealand (Platts 1979a)
but the experience of different birth cohorts of women is unknown.
3.4.5.

Methods of contraception
Theuse of the oralcontraceptive pill mayincrease the riskof cervical cancer among some

women andthe largest stUdy to assess this reported a marginally elevated relative riskof 1.2for
invasive cervical cancer among women who had used oralcontraceptives (World Health
Organisation Collaborative Study of Neoplasia and Steroid Contraceptives 1985b). A result which
was not very conclusive (00111985). The results of the different studies that have assessed the risk
of cervical neoplasia from oral contraceptive use havenotbeen consistent (see section 1.2.5.1).

116
In New Zealand, oral contraception was introduced in 1961. Over80% of women between
25 and 54 years of age haveusedoral contraception (Paul et al. 1988). Trlin and Perry (1981) in
The Manawatu Family Growth Studyfound, of those aged 16 to 44 years, 90% of European women
and 84%of Maori women had used oral contraception at some time.
Paul et al. (1988) found women of the most recent generations were more likelyto report
having ever used oral contraception. A history of the use of barrier methods of contraception was
less common among younger women but mightreflect a shorter time period for the opportunity of
use because of their youth. Table 3.12 compares the prevalence of oral contraceptive use
between two nationwide studies in New Zealand.

Table 3.12. Prevalence (%) of oral contraceptive use by age in New Zealand.
Study

15-24

25-34

Aae orouo (vears)
35-44
45-54

Kirkwood et al. (1979)
Paul et al. (1988)

44.8

33.9
23.0

18.0
6.0

11.9
3.0

55+

25-54

0.5

22.2
12.0

Strictly, the two studies compare the prevalence of oral contraceptive use in 1976with an
average prevalence over several more recent years. Providing contraceptive use has not changed
greatly over the time period during which the estimate was compiled, the prevalence estimates of
Paul et al. (1988) reflect recent use of oral contraception.
The prevalence of oral contraceptive use has declined markedly over the 10 years between
these studies but this mightbe due more to a decrease in the duration of use rather than a decrease
in the proportion of women who have ever usedoral contraception. The decrease in the
prevalence of oral contraceptive use may not have been as greatamong lowersocioeconomic
groups who are likelyto be at greater riskof cervical cancer. Social class variations in contraceptive
use have been present in New Zealand (Paul et al. 1988). The decrease in condom use between
the two studies suggests that a decrease in the use of barrier methods of contraception might have
produced someof the recent increase in cervical cancer among young women in New Zealand.
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3.4.6.

Smoking
Winkelstein (1977) hasproposed a causal association between cervical cancer and

smoking. Recently, Sasson et al. (1985) have reported isolating higher levels of cigarette smoke
constituents in the cervical mucous of smokers than non-smokers. Harris et al. (1980) found a
significant association between cervical neoplasia andsmoking. Buckley et al. (1981) have shown
that this is independent of the sexual activity of the husbands of women who report sexual
relationships only with their husbands.
As with oral contraceptive use, smoking mayinfluence the detection of cervical neoplasia by
cervical screening. It is conceivable that an increased smoking prevalence maybe associated with a
lower screening frequency through an association with lower social class or lowerhealth
consciousness.
In New Zealand, Hay and Foster (1984) have shown a small increase in the percentage of
women aged 20 to 24 years smoking between 1976and 1981. Pregnancy has been a time when
some women give up smoking and fertility patterns among women bornabout 1961 and 1966may
have affected the percentage who have stopped smoking afterstarting. The degree of smoking at
comparative ages amongst otherbirthcohorts is unknown.
Any small contribution to the trends is likely to be swamped by the larger effects of changes
in sexual behaviour because of its largerpopulation attributable risk. However, if the incidence of
sexually transmitted disease declined among women bornafter1965, any effect of smoking on the
trends in cervical cancer might become more apparent in the future.
3.4.7. Other factors that might explain the trends In cervical cancer
Skegg and Paul (1986) have suggested thatthe reuse of inadequately sterilized vaginal
specula may spread the causal agent of cervical cancer, aswell as other diseases, among women.
McPherson (1986) extended this worry to the reuse of fitting diaphragms. Sterilization techniques
to prevent viraltransmission by vaginal specula in New Zealand have been poorin some doctor's
practices and the assessment of whether a women wasat high riskof sexually transmitted diseases
has partly determined whether they have used a metal or plastic vaginal speculum for vaginal
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examination (Boyd et al. 1987). If transmission of causal agents for cervical neoplasia or invasive
cancercan be transmitted by the reuse of vaginal specula, this might explain why little impact from
cervical screening has been seen on cervical cancer mortality andincidence rates in NewZealand.
Maori women, who might have been less likely to have hadcervical smears, mightnot have
experienced a similar increase in cervical cancermortality among recent generations compared to
non-Maori women (see table 5.1: section 5.3.1).
There is some evidence that preinvasive conditions are more prevalent among lower
socioeconomic groups and otherdisadvantaged women in NewZealand (Chang 1986). What
proportion of this increased riskcan be explained by the known risk factors for cervical neoplasia is
not known. Other risk factors outlined in section 1.2.7are unlikely to explain the trends seen in
cervical cancermortality or incidence.
3.4.8.

The projections of cervical cancer without Improved screening
Accurate projections of cervical cancertrends are difficult andthe results of section 3.3.6

must be interpreted with caution. However, they do indicate the impact of the current epidemic of
cervical canceramong young women over the next20 years if preventive measures are not
improved. The projections suggest that the case loadfor cervical cancer could increase dramatically
in the next two decades to over 500 cases of invasive cervical cancer per annum by the year2005
without a more effective cervical screening service. Even with such a service, cervical cancer
incidence may not decrease from present levelsbut may only hold backthe evolving epidemic of
invasive disease. However, the increase in mortality fromcervical cancer may occur more slowly due
to the more favourable survival from the disease among younger women. Regardless of the
projection used, over 80%of all the deaths fromcervical cancer will occur among women 40 or more
years of age. An organized cervical screening programme could reduce the mortality from cervical
cancer from current levels in the future. But, improved screening now would not be expected to
have a large immediate impact on the mortality fromcervical cancer because of the lead time
between the preclinical detectable phase of the disease obtained by the screening procedure and
deathfrom cervical cancer. Even if future generations of women have a lower riskthan that
estimated for women born about 1956, this will have relatively little influence on the mortality and
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morbidity fromcervical cancerover the next 20 years. Therefore. the promotion of changes in
sexual behaviour and barrier methods of contraception would probably have very little impact on the
mortality and incidence of cervical cancerduring the next 20 years. However. it maydecrease the
demand on the treatment services from women withpreinvasive disease which could otherwise face
greatly increased case loads {see section 4.2.3.3}.
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Chapter 4

An analysis oftrends in relation to
cervical screening in NewZealand
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4.1. The history and organization of cervical screening
in New Zealand
In November 1954, National Women's Hospital (NWH) in Auckland made a cytological
service available to specialists and general practitioners throughout NewZealand. In practice the
majority of the women screened were from the Auckland region, at least initially. Before the
introduction of this cervical cytological service there were 30 registrations of invasive cervical cancer
to 1 registration of carcinoma in situ of the cervix. Carey and Williams (1958) suggested that by 1958
cervical cytology services were available to every doctor in the country. Theiruse however,
occurred slowly. Initially, the policy at NWH was to screen women over30 years of age. Wright
(1961), after a study of the cervical cytology of hospital obstetric patients at NWHfrom 1957to
1959, recommended cervical screening of all obstetric patients. Therefore, the initial screening
policy at NWH had been effectively changed by 1957. Within three years mostcervical smears
processed at NWH were performed by medical practitioners from outside the hospital. Some of
these women were responding to a cervical screening publicity campaign conducted by the local
branch of the British Empire Cancer Campaign Society (now the Cancer Society of NewZealand,
Inc.). Manyof the hospital smears were performed as partof theclinical investigation of patients with
gynaecological disorders.
Darby andWilliams (1965) assessed the cervical smears processed at NWH overthe
eighteen months from June 1962to December 1963. They found that doctors at NWH were more
likelyto have taken smears from younger women and women over70 years of agethan were private
medical practitioners. This is likelyto account in part for the different proportions of abnormal smears
detected. By 1964, a small proportion of cervical smears were processed by four private
laboratories in the Auckland region. Green (1966) suggested that, by 1965, sixty per cent of
women aged 20 years andover in the Auckland province had had at least one cervical smear. This
appears to have been based on the assumption that most of the cervical smears processed at NWH
were from different women and smears from outside the Auckland region appear to have been
included. It was likely to havebeen an overestimate.
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In 1962, three cervical cytology surveys were started in NewZealand. Each of these
surveys involved taking cervical smears on a catchment population to measure the prevalence of
histologically confirmed cervical lesions. Mclndoe (1964) collated the results of a survey of 2817
women in the Thames areaover one yearwhich managed to achieve a 34.6 per cent coverage of
the expected numberof women in the area aged 20 or more years of age. Coverage of the 25 to 69
year agegroupwas estimated at 41 per cent. Thiswas afterample publicity and posting brochures
to the households in the area. However, these percentages include women who had had a total
hysterectomy and represent minimum values for the age groups given.
Baeyertz (1965) in a twelve monthsurvey of a population in Wanganui could onlyobtained
cervical smears from an estimated 25 per cent of the women overtwenty-one despite the publicity
measures used and the availability of a special clinic at the hospital for women. Some women in
Wanganui may havehad smears priorto the survey andthe percentage includes women who had
had a total nysterectorny. Professor Carey's (Postgraduate School of Obstetrics andGynaecology,
Auckland) proposal for the establishment of public clinics as part of similar campaigns in the
Auckland area had been·rejected by the College of General Practitioners (SorreIl1962).
In October1962, the research committee of the NewZealand Council of the College of
General Practitioners began a nationwide cervical smear survey involving over 377 doctors, of whom
48 per centwere not members of the College of General Practitioners. The aimwas initially to
decrease the mortality of cervical cancerin NewZealand but hadchanged by 1966to only the
promotion of cervical screening in New Zealand. This cytology register has beendescribed by
Marshall (1962a, 1962b, 1963, 1964 & 1966). While duplication of the cytology records of women
within each yearwas avoided, it was not clearwhether duplication of records between the two years
reported occurred. Therefore, the different twelve month periods reported have been examined
separately. This survey provided a usefuldescription of the cervical screening practices of doctors
in New Zealand for the two years from October 1962. The doctors participating in this survey were
probably those most interested in cervical screening andthe results may represent maximal
screening activity at the time. However, it was claimed that 98%of general practitioners took
'routine' cervical smears in the Auckland region by 1962(SorreIl1962). Also, this cytology register
appears to have been a response by general practitioners to concerns that mass publicity
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campaigns could not be sustained and would be 'conducted en masse by strangers' (Marshall
1962b).
The age group proportions of women screened, the total numberof women screened and
where possible the proportion of the area population screened by age,for the surveys mentioned
above are given in table 4.1, togetherwith the percentage age distribution of the total New Zealand
female population aged 15 years and over for the year 1963. The mean age of the screened
populations andthe total New Zealand female population 15 or moreyearsof age are shown in table
4.1.
Table 4.1. The age distributions of the New Zealand female population for 1963
aged 15 years or more and women over 15 years of age (per cent) screened by
three cervical smear surveys and the smears processed at NWH.
<20

Age group (years)
20-29 30-39 40-49 50-59 60-69

70+

Darby andWilliarns*
(1965)-hospital

8.4

39.1

23.4

14.9

7.4

4.1

2.4

8347

35

Darby andWilliarns*
(1965)-private

2.0

26.3

33.4

23.8

10.3

3.3

0.9

19763

38

Mclndoe(1964)

0.9

20.2

31.7

24.4

15.8

5.6

1.5

2812

40

Baeyertz(1965)
% of areapop. t

1.3

24.8
45.2

32.1
44.9

23.8
33.7

13.0
20.9

4.3
8.4

0.7
1.3

6014

38

Marshall(1964)
'1963'**

1.6

25.4

33.4

24.0

11.3

3.5

0.8

16985

38

Marshall(1966)
'1964'**

4.2

27.6

31.7

21.5

10.0

3.4

1.6

19276

37

Number Mean ace

9.4 855670
NZ female population 12.3 18.6 17.9 17.3 14.2 10.3
42
1963
* The age ranges gIven In the published account of this survey do notcorrespond exactly with
those given here.
** The years labelled '1963'and '1964' by Marshall (1966) appear to be twelve month periods from
October 1962 and October 1963 respectively.
t Screening coverage of the Wanganui population by age (percent of population screened for
each age group).
These surveys give an impression of the screening practice in NewZealand up until at least
the mid-1960's. It appears that a greaterproportion of women under31 yearsof age and those over
60 years of age received cervical smears in the NWHpatient population. Private medical
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practitioners took mostof their smears fromwomen aged 20 to 50 years of age with over half of all
smears in the survey of Darby and Williams (1965) being taken in those under 40 years of age. The
greatest degree of population coverage by screening at this time appears to have been among
women 20 to 39 yearsof age andto a lesserextent for women aged 40 to 49 years. The average
age of prevalent cases of carcinoma in situ detected by Mclndoe (1964) andBaeyertz (1965) was 41
years. Marshall (1966) expressed concern that most of the detected cases of carcinoma in situ or
worse occurred in the 35 to 50 year agegroupwhile mostcervical smears were being done among
women 25 to 40 years of age. Thus any favourable effects of screening on the screened
population at this time appear to be dependent on adequate treatment of prevalent cases of
carcinoma in situ detected, the adequate follow up by repeat cytology of women as they grewolder
andthe early detection of existing cases of invasive cervical cancer. Anyfavourable effects from the
introduction of cervical screening on the incidence or mortality of cervical cancer might be expected
to occurfor women about 25 to 49 years of age in 1963, that is women bornsince about 1913. The
introduction of cervical screening does not appear to havebeen introduced selectively among
increasingly younger women with time. Therefore. strong birth cohort effects in the trends in
cervical cancermortality and incidence in NewZealand resulting from screening are not likely.
Several furthermass screening programmes were undertaken by the British Empire Cancer
Campaign Society (Stevenson 1968) but despite this screening activity appears to have declined
after 1965until more recently (see section 4.2.3.1). Green (1981) claimed that screening activity
increased throughout the time period from 1962to 1978 but his methods did not provide good
evidence for his conclusions (Johannesson and Day 1979). Baeyertz (1965) noted a rapid decline
in screening activity in the Wanganui area at the conclusion of his survey and Mclndoe (1964) found
a tailingoff of screening activity during his survey in the Thames area. Tennent et al. (1967) showed
a gradual increase in screening activity withintheir medical practice between 1955 and 1962. This
may reflect the difficulty of sustaining screening coverage aftersingle campaigns compared with a
service provided by committed general practitioners and integrated withthe existing health service.
However, the healthservice might not have had sufficient flexibility for some necessary changes in
the delivery of the primary health care service to allow cevical screening to be more effective.
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4.2. The impact of screening
4.2.1.

Introduction
Over a longperiod of time the treatment or removal of pre-cancerous lesions can be

expected to decrease the incidence and laterthe mortality of cervical cancer. Initially, the
introduction of screening can be expected to detectsome women with invasive cancer at an early
asymptomatic stage. The registration rates of invasive cancer will represent these prevalent cases
and the usual incident cases of invasive cancer and may notprovide good estimates of the true
incidence rates of cervical cancer. This improved case detection wouldbe offsetby a deficit of
cervical cancer registrations immediately afterthe detection of these prevalent cases of invasive
cancer. By enabling diagnosis of cervical cancer at an earlier stage, providing early treatment
ensures a greater proportion of patients surviving, a decrease in mortality can be expected among
those screened. Also, the survtvat a or 5 years afterdiagnosis of invasive cancer, unadjusted for the
stage or ageof the disease at diagnosis, may appear to improve. This maybe falsely attributed to
improvements in treatment. However, because adequate screening of the population accrues
slowly over many years, manyof these relatively immediate effects on the incidence andmortality of
cervical cancer are unlikely to be discernable, and when present, may be difficult to separate from
trends in otherriskfactors of the disease. The majoreffect of a cervical screening programme is the
long-term sustainable reduction in both incidence and mortality that can be achieved by the
effective treatment, removal or prevention of pre-cancerous conditions.
The magnitude of the effects on the registration rates and mortality of cervical cancer from
the introduction of screening depends on the proportion of the population at risk screened, the
degree of risk for women screened and the degree of risk among the unscreened or poorly
screened women. An early measure of the effectiveness of a cervical screening programme is likely
to be the magnitude of the shift in the stage distribution towards the earliest stages of the disease
(Johannesson et aJ. 1982; Pettersson et aJ. 1982) andthe increase in registration rates for
preinvasive disease that it induces. Iceland, as illustrated by Hakama (1982), showed the effect of a
rapid introduction of a cervical screening programme with an 80%coverage of women between the
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ages of 30 and55 years aftersix years (Johannesson et al. 1982). Thiscontrasts with the slow
change in the incidence rates in Denmark fromthe gradual introduction of cervical screening among
a minority of women andthe absence of a significant decrease in the incidence of cervical cancer in
Norway where screening was sparse and less organized.
Registrations of cervical carcinoma in situ in New Zealand began in 1955. The national
cancer register in 1955, with the helpof Professor Carey from National Women's Hospital,
retrospectively reassigned all cases of cervical cancer from 1948 so that the numbers of
registrations of carcinoma in situ by age are available from 1948 onwards. Registrations of women
with carcinoma in situ weredependent on histological confirmation from hospital biopsy specimens.
This was the basis on which registrations of carcinoma in situ were tabulated by hospital board area
from 1960 to 1968by the National Health Statistics Centre (Medical Statistics Branch of the
Department of Health 1965; National Health Statistics Centre 1971). Green (1974) pointed out that
the registrations of carcinoma in situ were based on treatment in public hospitals and the number of
women treated by private facilities was unknown.
Trends in the registration rates of carcinoma in situ can be expected to reflect: changes in
the completeness of registration, changes in diagnostic categories or the method of examining
histological specimens, changes in the grading of the cervical smears, changes inthe intensity of
screening activity andchanges in the riskfactors for the disease among the women screened.
Changes in the sensitivity of the screening procedure are also important. Changes in the riskof
cancer among screened women can occurby changing the screening coverage to women of
different risk.
The introduction of a screening procedure for a disease mayaltermost measures of the
history of the disease and its treatment. Therefore, it is important to adjust anyassessment of
cervical cancer for the effects of cervical screening.

4.2.2.

Methods

The trends in the registrations of carcinoma in situof the cervix have been examined to try
to determine the degree of effective screening activity in the pastin NewZealand. The log-linear
model described in section 3.2.2 has been used to separate the effects of cervical screening, the
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completeness of registration, the risk with age and changes inthe riskfactors for carcinoma in situ
for different generations of women.
It has been possible to assess the reduction in the incidence of invasive cervical cancer
expected fromthe registrations of carcinoma in situ of an earlier period (Parkin et al. 1985). A
proportion of women with carcinoma in situcould have been expected to develop invasive cervical
cancer if not adequately treated (Mclndoe et al. 1984; Cartwright 1988). Five different lead time
distributions for the interval between the registration of carcinoma in situ andinvasive cervical cancer
were used. These are explained in table 4.2. Because some women withcarcinoma in situ in New
Zealand did not receive adequate treatment (Cartwright 1988), the impact of past screening activity
estimated using the leadtime distributions described would probably have been lowerthan the
estimates obtained.
Table 4.2. The lead time distributions used to estimate the possible Impact of the
adequate treatment of women with carcinoma In situ registered In New Zealand on
the Incidence of Invasive cervical cancer.
A

A uniform lead time distribution overthe 30 years 1954 to 1983 with 50%progression of
registered cases of carcinoma in situ if they hadnotbeen detected and treated. Tnls
assumes that if 60cases of carcinoma in situ were registered in 1954at age40thenone case
of invasive cervical cancer would be added to the observed totalof those aged 41 in 1955,
one to those aged 42 in 1956, and so on.
.

B A uniform lead time distribution (as in A) with all the detected cases of carcinoma in situ
progressing to invasive disease over30 years.
C An exponential lead time distribution with a median of 30 years truncated at 30 years and
with 50%of registrations of carcinoma in situ progressing.

o

An exponential lead time distribution with a median of 16 years truncated at 30 years and
scaled downto give 50% progression.

E An exponential lead time distribution with exponential parameter 0.1 and median 6.93
years truncated at 30 years and scaled downto give50%progression.

The lead time distributions of models C, 0 and E are represented mathematically below.
The probability of progression attime t afterthe registration of carcinoma in situ was,

..L {1 - exp( - at)},
2K

where a = J.D!.Q...5l.
median

and

K = 1- exp( - 30a).
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Theprobability of progression of carcinoma in situ to invasive cervical cancer was assumed
to be independent of the age at registration of carcinoma in situ. Estimation of the number of
registrations of carcinoma in situ and cervical cancer for each year of age wasmade byquadratic
interpolation of the age-specific registration rates for five-year age groups andeach yearof
registration. The age-specific probabilities of having a hysterectomy (see figure 7.2) were used to
adjust the population at riskfor the chance of having a total hysterectomy for reasons otherthan
carcinoma in situ in each yearof the natural history simulated. Models A, C, D and E were
considered betterapproximations to the known natural history of carcinoma in situ thanmodel B.
However, the assumption in model B that 100% of registered cases of carcinoma in situ progressed
to invasive cancer could compensate for veryincomplete registration of carcinoma in situ if it
occurred. These simulations of the natural history of carcinoma in situ allowed some assessment of
the possible impact of cervical screening in the past in New Zealand.
4.2.3.

Results
4.2.3.1. Registrations of carcinoma in situ

Overthe 1962 to 1965 time period 148cases of carcinoma in situweredetected and
histologically confirmed by the surveys of Mclndoe (1964), Baeyertz (1965) and Marshall (1964 &
1966). Assuming that all of these 148cases were registered withthe Cancer Registry, they
represented about 23 per cent of all registrations of carcinoma in situ expected between mid-1962
andthe end of 1964. These surveys covered at most 6 per cent of the NewZealand female
population aged 20 years or more at this time. Thissuggests thateither registration of cervical
carcinoma in situ was incomplete or effective screening activity elsewhere in NewZealand atthe
time wasmuch lower. Otherwise, a dramatic increase inthe registrations of carcinoma in situ could
not have been produced by screening such a small percentage of the population at risk.
Table 4.3 shows the age-specific registration rates of carcinoma in situ and the number of
registrations uponwhich they are based for the NewZealand population from 1951 to 1983. Only
one registration of carcinoma in situ in the entire time period occurred froma woman 85 or more
years of age.
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Table 4.3. The age-specific registration rates and numbers of women registered
with carcinoma in situ of the cervix in New Zealand (rates given per 100,000
person-years).

15Periods 19
1951-55 0.0
0
1956-60 0.2
1
1961-65 0.6
3
1966-70 0.0
0
1971-75 0.2
1
1976-80 0.5
4
1981-83 2.5
11

Ace arouo (vears)
120- 125- 130- 135- 140- 145 - 50- 1 55- 160-165-170: 175-)80- All
24
29 34 39 44 49
54 59 64 69 74 79 84
0.0 0.0 1.7 1.4 2.1 2.7 2.4 2.2 0.5 0.5 0.0 0.0 0.0
39
1
1
0
0
0
7
8
6
5
0
0
6
5
1.1 3.9 15.6 16.3 16.5 15.1 8.0 5.3 0.5 4.2 3.8 1.8 0.0
2
1
8
6
0 301
4
14 59 61 59 50 23 13
4.7 28.1 49.2 61.0 52.6 46.7 18.5 12.6 8.5 4.9 1.8 0.0 1.4
3
1 1046
0
20 104 185 237 201 166 61 35 20 10
8.3 27.242.041.835.329.017.4 9.8 5.6 2.7 2.8 6.1 0.0
5
8
43 119 159 160 139 110 61 31 15
6
0 856
9.2 40.5 48.5 40.3 30.5 25.1 11.5 6.5 5.5 3.1 2.5 2.2 1.1
1
964
43 22 17
5
3
8
55 217 221 156 118 97
20.5 88.1113.080.6 52.8 25.9 18.8 9.0 9.7 4.9 4.9 0.6 2.1
14 11
1
2 2115
131 531 616 368 205 97 72 32 31
41.6115.1137.7 96.264.2 41.1 26.2 10.9 9.3 4.4 4.0 1.9 0.0
6
2
0 1788
173 432 498 297 170 90
58 24 19
8

Large fluctuations in the registration rates of carcinoma in situ were present because of the
dependence on screening activity for the detection of this mainly asymptomatic condition and the
likelyvariation overtime of the completeness of registration. This can be seen more clearly in the
changes in the age standardized registration rates of carcinoma in situ givenin figure 4.1. The 1968
New Zealand total female population was used as the standard population in the calculation of these
age standardized rates.
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Figure 4.1. The trends in the age standardized registration rate of carcinoma in
situ (CIS), the age standardized Incidence rate of cervical cancer and the age
standardized mortality rate of cervical cancer In New Zealand.
There has been no majoralteration in the incidence and mortality of cervical cancer that
could be attributable to the registration of carcinoma in situ in figure 4.1. The small decline in the
age standardized incidence rate of cervical cancerfrom 1966to 1977was not large enough to
confidently attribute to registrations of carcinoma in situ in previous years. It is however, consistent
with an average leadtime of 6 to 8 years for carcinoma in situto invasive disease. It could also be
due to the changes in other risk factors among different generations of women discussed in section

3.4.
Most of the peak in the registrations of carcinoma in situ between 1962and 1964 appears
to have beendue to the three screening surveys cited above. The national smearsurvey may have
also altered the screening practices of non-participating doctors. The registration rate of carcinoma
in situ did not reach this level again until 1976when the Walton Report was released in Canada
(Canadian Task Force 1976).
Green (1978) noted the rising incidence rates of cervical cancer in young women in New
Zealand. Since carcinoma in situ is a pre-invasive stage. the incidence of carcinoma in situ among
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young women might be expected to have been increasing from about 1965 at least. This was not
apparent in the age standardized registration rates of carcinoma in situ in figure 4.1. The decline in
the registration rates of carcinoma in situ during the 1966 to 1975 period was due to a reduced
registration among women aged 30 to 69 years of age (see table 4.3). Registration rates did not
decline for women 20 to 29 years of age possibly because of an increased risk of carcinoma in situ
among young women at thistime. The most recent increase inthe registration of carcinoma in situ is
probably a mixture of the emergence of recent generations of women with increased riskof disease
and an increase in effective screening activity. Since the early 1980's changes in the histological
classification toward cervical intraepithelial neoplasia III(CIN Ill) in some areas of NewZealand may
have artificially increased the registrations of carcinoma in situ. This change in the classification
could be expected to have occurred across all agegroups. Registration rates of carcinoma in situ
among women 45 or more years of age did not appreciably differ in the 1981 to 1983 time period
fromthe rates in the 1961 to 1966time period. However, the risk of invasive cancer has declined in
these age groups between these time periods (see table3.5).
The log-linear model described in section 3.2.2 was applied to the registration rates of
cervical carcinoma in situ for the 1961 to 1983 time period among women 20 to 64 years of age.
Because the use of earlier time periods or olderagegroups would have resulted in too few
registrations of carcinoma in situ, theywere excluded from the table of registration rates examined
by the model. The age, cohort and period values obtained areshown in figure 4.2.
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Figure 4.2. The age, period and cohort values for the registration of carcinoma In
situ of the cervix In New Zealand (deviance
38.64, degrees of freedom
21).
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The age values suggest thatthe highest risk of registration within a generation was about
30 to 39 years of age anddeclined to a lowlevel by 55 or more years of age. Thecohort values

suggest that women bornabout 1916 had a slightly higher risk of registration of carcinoma in situ
than adjacent cohorts. Similar generations of women were considered to be at increased risk of
invasive cancer in figure 3.6. The recent increasing risk of carcinoma in situ among women born
since about 1936 wasalsosimilar to thatfound forthe incidence of invasive cervical cancer (see
figure 3.6). The period values reflect the changes in the age standardized registration rates of
carcinoma in situfrom 1961 to 1983 shown in figure 4.1. However, the increase in the age
standardized registration rates of carcinoma in situ in figure 4.1 from 1981 to 1983 was attributed by
the log-linear model to an increased riskof registration among the most recent generations of
women rather than an increase in registration overall age groups forthistime period. This suggests
thatthe recent increase in registrations of carcinoma in situ maybe due to an increased risk of the
disease rather thanan increased or more effective cervical screening service.
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Most of the decline in the numberof registrations after1964was dueto a decline in the
registrations fromthe Auckland Hospital Board areato below their 1960 levels (Medical Statistics
Branch of the Department of Health 1965; National Health Statistics Centre 1971). It could not be
determined whetherthis reflected: a decrease in the prevalent cases detected by screening, a
reduction in biopsy specimens, a change in the diagnostic practices in Auckland, a reduced level of
registration or a regional lackof enthusiasm for cervical screening. However, Green (1962, 1964,
1965 & 1966) was questioning the value of screening at the time.
The effectof the cervical screening surveys from 1962 to the end of 1964 shows how
sensitive the registrations of cervical carcinoma in situ have been to screening and registration
practices. Mostof these time period effects appear to have been separated by the log-linear model
leaving a representative picture of the contribution of respective birth cohorts to the registrations of
carcinoma in situ.
4.2.3.2. Models of the natural hjstory of carcinoma in situ

In fjgure 4.3, the trend in the age standardized incidence rate of cervical cancerexpected
underthe five different models of the natural history of carcinoma in situ from 1951 to 1983were
compared with the observed trend in the age standardized incidence rates. Again. the 1968total
New Zealand female population was used as the standard population.
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Figure 4.3. The trend In the observed age standardized Incidence rate of cervical
cancer and those expected under models A, S, C, D and E of the natural history
of carcinoma In situ from 1951 to 1983.

The observed decline in the age standardized incidence rate of cervical cancer between
1966 and 1977 was removed by all of the models of the natural history of carcinoma in situ chosen.
Models A to 0 differed in the degree to which the age standardized incidence rates were increased
by allowing a proportion of registrations of carcinoma in situ to become invasive cancer. Model E,
with the shortest median lead time, produced an earlier increase in the age standardized incidence
rate than the other models of the natural history of carcinoma in situ used.
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Figure 4.4. The percentage annual reduction In Invasive cervical cancer that may
have been achieved by the adequate treatment of women registered with
carcinoma In situ.
Figure 4.4 shows the change in the percentage reduction in invasive cervical cancer that
may have been achieved from screening. The models usedsuggest that by 1970, 15 to 30 per
centof invasive cancer mayhave been prevented by cervical screening in NewZealand. The
increase in the percentage reduction in invasive cancer was slower after 1970. Under model E, no
increase in the reduction in the incidence of invasive cervical cancer dueto registrations of
carcinoma in situ occurred between 1969and 1976.
The largest reduction in the incidence of invasive cancer maybe expected afterthe
introduction of cervical screening with further reductions becoming progressively more difficult to
achieve. Nevertheless. the overall reduction in the incidence of cervical cancer dueto registrations
of carcinoma in situ for 1983was between 30 and 45 percentunder the models of the natural
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history of carcinoma in situ used. The estimated effect of past registrations of carcinoma in situ on
the 1983 case load of invasive cervical cancer is given by five-year age groups in table 4.4.
Table 4.4. The estimated number of cases and percentage (In parentheses) of
Invasive cervical cancer In 1983 by five-year age groups possibly prevented by
screening In previous years.
Aqe (years)

Obs.*

A

B

C

0

E

15-19

0

0

0

0

0

0

20-24

2

25-29

20

30-34

28

35-39

23

40-44

26

45-49

18

50-59

22

55-59

19

60-64

17

65-69

21

70-74

14

75-79

11

2
(50.0)
7
(25.9)
15
(34.9)
18
(43.9)
14
(35.0)
11
(37.9)
10
(31.3)
10
(34.5)
9
(34.6)
5
(19.2)
4
(22.2)
0

2
(50.0)
10
(33.3)
19
(40.4)
21
(47.7)
17
(39.5)
12
(40.0)
10
(31.3)
10
(34.5)
8
(32.0)
5
(19.2)
4
(22.2)
0

2
(50.0)
11
(35.5)
23
(45.1)
25
(52.1)
18
(40.9)
14
(43.8)
10
(31.3)
10
(34.5)
6
(26.1)
5
(19.2)
4
(22.2)
0

4
(66.7)
18
(47.4)
34
(54.8)
35
(60.3)
24
(48.0)
16
(47.1)
10
(31.3)
9
(32.1)
6
(26.1)
5
(19.2)
2
(12.5)
0

80-84

7

0

0

0

0

85+

1

0

3
(60.0)
12
(37.5)
29
(50.9)
34
(59.6)
27
(50.9)
23
(56.1)
19
(46.3)
21
(52.5)
15
(46.9)
11
(34.4)
6
(30.0)
4
(26.7)
1
(12.5)
0

0

0

0

Total

229

205
(47.2)

118
(34.0)

128
(35.9)

163
(41.6)

105
(31.4)

* Number of women observed who developed mvaswe cervical cancer In New Zealand In 1983.

The greatest percentage reduction in cervical cancer for 1983 occurred among women
between 20 and 59 years of age. This was due to the increased risk of carcinoma in situ amongst
the younger generations of women, their greater exposure to cervical screening and the detection
of carcinoma in situ when screening was introduced. Model E suggests a greater percentage
reduction among younger women from the increase in registrations of carcinoma in situ since 1976.
Under these models of the natural history of carcinoma in situ, only 2 to 4 women under 25 years of
age, and nobody under 20 years of age, were prevented from developing invasive cancer in 1983
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by past registrations of carcinoma in situ. Similarly, pastregistration of carcinoma in situ appears
unlikelyto have benefited women 70 or more years of agein 1983.
The trends in the age-specific incidence rates of cervical cancerproduced by the models of
the natural history of carcinoma in situ were assessed using the log-linear model. This allowed some
assessment of the ability of the log-linear model to separate the effects of screening in the trends in
the observed incidence rates (see figure 3.6). Figures 4.5, 4.6 and 4.7 showthe age, cohort and
period values. respectively for the observed and modelled incidence rates of cervical cancer.
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Figure 4.5 shows that the risk of cervical cancerby agewithin each generation mayhave
been reduced by the registrations of carcinoma in situ with each natural history chosen. Models A,
C and D produced similar increases in the age values. Model B produced the highest age values
among women 55 or more years of age because all carcinoma in situ was considered to progress to
invasive cervical cancerin this model of the natural history of carcinoma in situ. Model E increased
the effectof registrations of carcinoma in situ among women under50 years of agemore than the
other models because it assumed the shortest median leadtime. The cohort values obtained for
the incidence rates adjusted for registrations of carcinoma in situ underthe different models are
shown in figure 4.6.
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Figure 4.6. The cohort values obtained for models A to E and the observed
Incidence rates of cervical cancer using the log-linear model.
Because, in the absence of screening, the risk of cervical cancerfor the average cohort
would have been increased, the absence of screening decreased the riskof cervical cancer for the
earliest cohorts (for whom screening has had leastbenefit) relative to the riskfor an average cohort.
The models of the natural history of carcinoma in situ suggest that past registrations of carcinoma in
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situ may have greatly reduced the risk of invasive cervical cancer relative to an average cohort
among recent generations of women. The small increase in the riskof invasive cervical cancer
relative to an average cohort for women born about 1916was unaltered by considering the
registrations of carcinoma in situ. The adjusted cohort values, that is those obtained fromthe
expected incidence rates using models A to E of the natural history of carcinoma in situ, are similar to
those observed in figure 4.2 for the registrations of carcinoma in situ. This is a consequence of
distributing some of the registrations of carcinoma in situto invasive cervical cancer within each birth
cohort.
Figure 4.7 shows the period values of the log-linear model from the observed incidence
rates andthe expected incidence rates from models A to E of the natural history of carcinoma in situ.
Period values
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Figure 4.7. The period values obtained for models A to E and the observed
Incidence rates of cervical cancer using the log-linear model.

Because the risk of cervical cancerfor an average timeperiod would have been increased in
the absence of screening. the risk of cervical cancerfor earlier time periods (when screening was
least effective on lowering cervical cancerincidence) is lowerrelative to an average time period.
With each of the models of the natural history of carcinoma in situ, the decline in the period values
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for the 1966 to 1970time period for the observed incidence rates of cervical cancer was removed.
The decline in the risk of registration of invasive cervical cancer for the 1981 to 1983 time period
also occurred with the models of the natural history of carcinoma in situchosen. However, this might
be dueto incomplete registration of carcinoma in situ or the favourable effects fromthe adequate
treatment of dysplasia from earlier years resulting in a subsequent decline in registrations of
carcinoma in situ. Improved treatment of carcinoma in situ for women after1974(Cartwright 1988)
might also explain some of the decline in the riskof cervical cancer for the 1981 to 1983 time period.
4.2.3,3, Projectjons of carcinoma jn sUu

Similar to the projections of the age-specific incidence and mortality rates in section 3,3.6,
the future registration rates of carcinoma in situ werepredicted. Because the log-linear model was
only applied to the registration rates of carcinoma in situ for the 20to 64 year agegroup only
projected rates for these age groups are given. Therefore, the projected case loads cover most,
but not all, of the case load expected. The two methods of choosing the cohort values of the
incidence of cervical cancer for emerging generations of women at riskused in section 3,3.6 were
also used for these projections. Also, because of a possible increase in effective screening activity
since 1983 two methods of projecting the time period values were chosen. Forthe first method,
SUbsequently labelled P1, the time period values were chosen to be the same as the value for the
1981 to 1983 time period. The second method, subsequently labelled P2, set future period values
at 50%greater than the 1981 to 1983period values. Therefore, four combinations of projected
cohort and time period values were achieved and labelled C1 P1, C1 P2, C2P1 andC2P2. The
projected cohort and period values used are given in table 4.5.
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Table 4.5. The recent and future cohort and period values used In the projection
of registrations of cancer In situ of the cervix In New Zealand.
Year
1956
1961
1966
1971
1976
1981
1981-85
1986-90
1991-95
1996-00
2001-05

Cohort values
C1
C2
2.22
2.22
4.74
4.74
2.94
4.74
2.94
4.74
4.74
2.94
4.74
2.94

Period values
P1
P2

1.09
1.09
1.09
1.09
1.09

1.09
1.64
1.64
1.64
1.64

The projected age-specific registration rates and case load of carcinoma in situ with future
cohort and period values C1 and P1 respectively are given in table 4.6.
Table 4.6. The projected age-specific registration rates and numbers of women
registered with carcinoma In situ In New Zealand under C1P1 (rates given per
100,000 person-years).

Periods
1976-80
1981-85
1986-90
1991-95
1996-00
2001-05

2024
20.5
131
41.6
288
41.6
307
41.6
297
41.6
279
41.6
238

2529
88.1
531
115.1
720
244.8
1716
244.8
1838
244.8
1777
244.8
1671

3034
113.0
616
137.7
830
202.2
1292
431.4
3095
431.4
3304
431.4
3196

Aae orouo ( ears)
35404544
49
39
80.6 52.8 25.9
205
368
97
96.2 64.2 41.1
283
495
150
145.9 89.3 43.8
438
185
896
207.6 122.8 62.7
1337 758
306
442.8 174.7 86.3
3193 1130 529
442.8 372.6 122.7
3408 2696
788

5054
18.8
72
26.2
96
18.6
67
23.1
96
33.1
159
45.5
275

5559
9.0
32
10.9
40
8.4
31
9.3
33
11.6
47
16.6
78

6064
9.7
31
9.3
31
7.3
27
6.4
23
7.1
24
8.8
35

All
2083
2933
4959
7783
10442
12385

Under projection C1P1 the expected case load for 1998 was about 2000 registrations of
carcinoma in situ per annum. The actual number would probablybe greaterthan this because of the
inclusionof severedysplasiawith carcinoma in situ in cervical intraepithelial neoplasia III (CIN Ill) which
may be registered as carcinoma in situ. The case loadof CIN III (whatwas previously carcinoma in situ
and severe dysplasia) will be higher than the expected case load from this and the subsequent
projections.
The projected age-specific registration rates and case load of carcinoma in situ with future
cohort and period values C1 and P2 respectively are given in table 4.7.
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Table 4.7. The projected age-specific registration rates and numbers of women
registered with carcinoma In situ In New Zealand under C1P2 (rates given per
100,000 person-years).

Periods
1976-80
1981-85
1986-90
1991-95
1996-00
2001-05

2024
20.5
131
41.6
288
62.5
461
62.5
446
62.5
419
62.5
358

Aae roue tvears)
253035404529
34
44
49
39
88.1 113.0 80.6 52.8 25.9
531
616
205
97
368
115.1 137.7 96.2 64.2 41.1
720
830
495
283
150
367.2 303.3 218.9 134 65.6
2574 1938 1344 656
278
367.2 647 311.4 184.1 94.1
2758 4643 2005 1137 459
367.2 647 664.3 262 129.4
2666 4956 4789 1695 793
367.2 647 664.3 558.9 184.1
2506 4795 5111 4044 1182

5054
18.8
72
26.2
96
27.9
100
34.6
144
49.6
238
68.2
412

5559
9.0
32
10.9
40
12.6
47
14
49
17.4
71
24.9
117

6064
9.7
31
9.3
31
10.9
40
9.5
35
10.6
36
13.1
52

All
2083
2933
7438
11676
15663
18577

The effect of increased detectionand registration of carcinoma in situfrom increased
screening activityunder projection C1 P2 in table 4.7 was muchgreaterthan the increased risk of
emerging generations of women on the projected case load in table 4.6. The annual numberof
registrations of carcinomain situ by 1998was estimated at about3100womenunder projection
C1P2.
The projected age-specific registration rates and case loadof carcinoma in situ with future
cohort and period values C2 and P1 respectively are given in table 4.8.
Table 4.8. The projected age-specific registration rates and numbers of women
registered with carcinoma In situ In New Zealand under C2P1 (rates given per
100,000 person-years).

Periods
1976-80
1981-85
1986-90
1991-95
1996-00
2001-05

2024
20.5
131
41.6
288
25.8
190
25.8
184
25.8
173
25.8
148

2529
88.1
531
115.1
720
244.8
1716
151.8
1140
151.8
1102
151.8
1036

3034
113.0
616
137.7
830
202.2
1292
431.4
3095
267.4
2048
267.4
1982

Aae
3539
80.6
368
96.2
495
145.9
896
207.6
1337
442.8
3193
274.5
2113

roup (years)
454044
49
52.8 25.9
205
97
64.2 41.1
283
150
89.3 43.8
438
185
122.8 62.7
758
306
174.7 86.3
1130 529
372.6 122.7
2696 788

5054
18.8
72
26.2
96
18.6
67
23.1
96
33.1
159
45.5
275

5559
9.0
32
10.9
40
8.4
31
9.3
33
11.6
47
16.6
78

6064
9.7
31
9.3
31
7.3
27
6.4
23
7.1
24
8.8
35

All
2083
2933
4842
6972
8405
9151
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This projection gives the lowest expected number of registrations of carcinoma in situ in the
future. However, there was still almost double the expected number of registrations of carcinoma in
situ by 1986 to 1990 compared to the 1981 to 1985 time period and over three times this number
by the 2001 to 2005 time period. Since this projection does not assume that any increase in
effective screening activity occurs, this increase in the number of registrations of carcinoma in situ
was dependent on the emergence of generations of women at approximately the same risk of the
disease as women born about 1959.
The projected age-specific registration rates and case load of carcinoma in situ with future
cohort and period values C2 and P2 respectively are given in table 4.9.
Table 4.9. The projected age-specific registration rates and numbers of women
registered with carcinoma in situ in New Zealand under C2P2 (rates given per
100,000 person-years).

Periods
1976-80
1981-85
1986-90
1991-95
1996-00
2001-05

2024
20.5
131
41.6
288
38.7
286
38.7
276
38.7
260
38.7
222

Aae roup (years)
253035404529
34
44
39
49
88.1 113.0 80.6
52.8
25.9
531
616
205
97
368
115.1 137.7 96.2
64.2
41.1
720
495
283
150
830
367.2 303.3 218.9
134
65.6
2574 1938 1344
656
278
227.6 647 311.4 184.1 94.1
1710 4643 2005 1137 459
227.6 401.1 664.3 262 129.4
1653 3073 4789 1695
793
227.6 401.1 411.8 558.9 184.1
1554 2972 3169 4044 1182

5054
18.8
72

5559
9.0
32

6064
9.7
31

26.2
96
27.9
100
34.6
144
49.6
238
68.2
412

10.9
40
12.6
47
14
49
17.4
71
24.9
117

9.3
31
10.9
40
9.5
35
10.6
36
13.1
52

All

2083
2933
7263
10458
12608
13724

Changes in period values from increasing screening activity again had a much larger
immediate impact on future registrations of carcinoma in situ than changes in cohort values
representing the risk of carcinoma in situ among future generations of women.

4.2.4.

Discussion

The very different models of the lead time distribution of carcinoma in situ provide a
measure of the range of any favourable effect of past registrations of carcinoma in situ on the
incidence of invasive cervical cancer. Models Band C which assume either all carcinoma in situ
progresses to invasive disease or a median lead time of 30 years are unlikely representations of the
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natural history of carcinoma in situ. However, theyprovide some extreme examples for comparison.
Registration of carcinoma in situ may not be as complete as invasive cervical cancer sothateven an
assumption of 100%progression of registered carcinoma in situ in model B may have produced an
appropriate estimation of the impact of screening. Hysterectomy for reasons otherthan cervical
abnormalities has been corrected for in the simulation used. The models for the lead time provided
by the detection of carcinoma in situ are of necessity very simple because little quantitative
information about the natural history of carcinoma in situwas available. The lead time distribution
andthe sensitivity of the screening procedure may vary with age, thoughthere is some evidence
that they do not (IARC Working Groupon Cervical Cancer Screening 1986; Robertson et al. 1988).
The sensitivity of the screening procedure for carcinoma in situ may have altered overthe 30 years
examined. For example, the staining technique used to examine the cytological slides has altered
during the time period (W.A. Mclndoe, personal communication). In the first 20 years of the time
period studied it is likelythat some women withcervical dysplasia will have been followed up by
cytological examination until carcinoma in situ wasdetected andwarranted biopsy. With time,
increased treatment of cervical dysplasia may have occurred preventing progression to carcinoma in
situ yet reducing the incidence of invasive cervical cancer. Registration practices for carcinoma in
situ may have altered with time. However, since the registration of carcinoma in situ was likely to
have been more incomplete than registration of invasive cervical cancerthe estimated impact of past
screening may have been underestimated.
Screening frequencies may havechanged over time. This would cause lead times to be
longerin periods or age groups of increased screening frequency. If screening has become more
frequent recently this could causethe above models of the leadtime distribution, model E in
particular, to overestimate the favourable effects of registrations of carcinoma in situ in the most
recent time periods. The very different leadtime distributions of the models provide a measure of
the range that any favourable effectof past registration of carcinoma in situ might have had on the
incidence of invasive cervical cancer.
The estimated 30 to 45% reduction in the incidence of cervical cancer in 1983 prevented
by previous screening was morethan the 25% estimated for England and Wales in 1978 (Parkin et
al. 1985). The difference was due to the extra years of benefit accruing in this analysis from the
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longertime period used. The possible reduction in invasive cancer fromthe treatment of
registrations of carcinoma in situ in NewZealand was similar to England andWales for 1978 (see
figure 4.4). In 1983, most of the estimated reduction in invasive cervical cancer from past screening
activity occurred for women between 20 and 59 years of age with a 60%possible reduction in the
incidence of cervical cancer among women 35 to 39 years of age. However, since the mortality rate
for cervical cancer is highest in the oldest age groups, the reduction in the mortality frompast
screening activity will have been lowerthan that estimated for the incidence of the disease. Models
with long median lead times produced greater benefits from screening for older women.
If the registrations of carcinoma in situ had produced the reduction in the incidence of
cervical cancer estimated by the models of the natural history of carcinoma in situ, it is difficult to
explain why a stronger favourable effect on cervical cancer incidence was not observed in section
3.3.2. It appears that the registrations of carcinoma in situ could have been expected to produce a
greaterreduction in the incidence of cervical cancer than observed but most of the impact of
screening was likely to be seen in the most recent time periods studied. No strong influences on
cervical cancer incidence from cervical screening in the recent timeperiod were observed in section
3.3.2, but a relatively recent increase in the completeness of the registration of cervical cancer and
an increased riskof cervical cancer among recent generations of women fromchanges in otherrisk
factors might have masked a decline in the incidence rates.
The incidence rates of cervical cancer expected under the different models of the natural
history of carcinoma in situ, that is the incidence rates expected without screening, allowed some
assessment of the results of the log-linear model. The results fromthe log-linear model of the
observed trends in cervical cancer incidence were not appreciably altered by this adjustment for the
effects of cervical screening. There was a suggestion that the risk of cervical cancer among recent
generations of women would have been higher without cervical screening and that the screening in
the early 1960's did produce a slight increase in the registrations of cervical cancer at thistime
followed by a small deficit of registrations in the subsequent time period which was seen in the
period values of the observed incidence of cervical cancer.
The projections reflect how susceptible the case load of carcinoma in situ is to changes in
cervical screening activity andthe higherrisk of the disease among emerging generations of
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women. Also, the management protocols adopted for thetreatment of cervical intraepithelial
neoplasia III and women with lesser degrees of histological abnormality of thecervix make
projections of the case load of gynaecological services for preinvasive disease difficult. The
projections provide some ideaof the magnitude of the changes in the case loadof carcinoma in situ
for future time periods underdifferent assumptions about the future trends in the cohort and time
period values rather than veryprecise measures of the numbers of women expected to require
gynaecological evaluation from abnormalities of the cervix detected by cervical screening. Thecase
load would also greatly depend on the specificity of the screening procedure. These projections
suggest that the expected demand on colposcopy and cone biopsy services requires urgent shorttermand longer-term planning in New Zealand. Therapidly increasing case load suggests that
these services could be continually behind the demand placed upon them if a long-term planof
action is not adopted. The efficient organization of regional colposcopic services is probably
needed urgently.
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Chapter 5

Ethnic differences in cervical cancer
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5.1. The problem of ethnic classification
Ethnicity hasbeen defined in two main ways for the Maori in the New Zealand health
statistics (Pomare andde Boer 1988).
Firstly, through the deathcertification forms (number RG28) filled out by thefuneral
directors the degree of Maori blood of the parents of the deceased has been recorded. Those with
one-half or more Maori origin have been deemed to be Maori. If this section of theform has not
been completed then the ethnicity of the deceased has been classified as non-Maori. This process
has determined the ethnic categorization of the mortality of the NewZealand population overone
yearof age (Pomare and de Boer 1988). Underestimation of Maori deaths hasbeen about 28% in
1981 (Brown 1983). Pool (1977) considered thatunder-certification of Maori deaths alsooccurred
in earlier time periods.
Secondly, the ethnic status of registrations of cancer have been mainly determined by the
personal identification of ethnicity by patients coded by hospital admission clerks through the
hospital admission anddischarge recording system (Pomare andde Boer1988). This might
underestimate the registration of cancer among the Maori by about 30% (Pasupati et al. 1980).
Also, if halfor more Maori blood had remained thebasis of the official definition of Maori rather than
personal identification (Pasupati et al. 1980), thenhospital admission coding might have
overestimated the number of Maori registrations of cancer. Since the change inthe official
classification of ethnicity to personal identification is recent, overestimation of the registrations of
cancer might have occurred for most of the time period studied. Those registrations thatoccur after
death have their ethnic status recorded fromthe RG28 death certification forms. The ethnicity of
Polynesian Pacific island women recorded on hospital admission forms might be more accurate than
for Maori women because the country of birth was also recorded by the admission clerks (Pasupati

et al. 1980). While the proportion of total cancer registrations fromdeath certificates only was
relatively high for Polynesian Pacific islanders, for cervical cancer it hasbeen about 9%, though
higher thanfor Maori or European cervical cancer registrations, is acceptable (Findlay et al. 1987).
It has been recommended that the classification of Maori ethnicity be altered and include
tribal affiliation in future (Pomare and de Boer 1988). However, in this chapter the classification of
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Maori deaths andregistrations of cervical cancer andcarcinoma in situ will be taken as published for
the definition of Maori and non-Maori for the purpose of comparing thetrends in cervical cancer and
carcinoma in situ among these two populations. The Maori Affairs Act (1974) changed the definition
of Maori from that based on ancestry to personal identification and the population census from 1976
onwards was changed accordingly. However, estimates of the Maori population at riskdefined by
ancestry comparable to earlier estimates of the Maori population were available and have been used
in the denominator of incidence and mortality rates (National Health Statistics Centre 1979).
In summary, thecoding of ethnicity on admission and funeral directors forms willtend to
underestimate the number of Maori cancer registrations and deaths (ethnicity classified by personal
identification). However, the use of the published Maori population for the denominator of
incidence and mortality rates tends to overestimate these rates forthe Maori population because
theydo not include allwomen who identify themselves as Maori. It can notbe assumed thatthese
biases will compensate each otherto produce accurate incidence and mortality rates. The
identification of Pacific islanders from hospital admission forms appears to be accurate butwhether
theywere residents of New Zealand at the time of their illness may notbe accurate.
Recent information on the incidence of cervical cancer in New Zealand resident Pacific
island women hasbeen included in this chapter.
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5.2. Methods
The ethnic classification usedin the compilation of the official numbers of deaths and
registrations has been used to differentiate the experience of cervical cancer andcarcinoma in situ
by Maori and non-Maori. The number of Maori deaths from cervical cancer for each 5-year age group
have been available fromthe annual publications of the Medical Statistician (1956 et seq.).
Registrations of cancer by ethnicity, age, sex and site have been published in an
aggregated formfor the 1972to 1976time period (National Health Statistics Centre 1980) and the
age-specific incidence rates of cervical cancer by ethnicity (Rose 1970; Foster 1976; Foster and
Fraser 1982; Findlay et al. 1987) have been combined intocumulative incidence rates for 10-year
agegroups. The annual registrations of carcinoma in situ for Maori and non-Maori women in 5-year
age groups have been provided for the 1951 to 1975 time period by the Cancer Registry (J.J. Auld,
personal communication). The annual number of Maori women in each 5-year agegroup was
obtained from the official estimates (Medical Statistician 1956 et seq.; National Health Statistics
Centre 1979 et seq.). From these sources, the age-specific mortality rates for cervical cancer and
the registration rates of carcinoma in situfor Maori women were calculated. Thetrends in the Maori
rates were examined andcompared to non-Maori rates using rate ratios as estimates of the relative
riskof disease among Maori women compared to non-Maori women. Thetrends in the rates of
disease among Maori women were examined by the methods described in section 3.2.2.
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5.3. Results
5.3.1.

Mortality

The number of deaths from cervical cancer among Maori women and the age-specific
mortality rates for 5-year age groups for the 1953 to 1985 time period are presented in table 5.1.
Table 5.1. The age-specific mortality rates and numbers of deaths from cervical
cancer among Maorl women in New Zealand (rates given per 100,000 personyears).

20- 125Periods 24
29
1953-57 0.0 0.0
0
0
1958-62 0.0 6.8
2
0
1963-67 0.0 8.8
0
3
1968-72 0.0 5.5
0
2
1973-77 1.7 6.5
1
3
1978-82 1.4 7.2
4
1
1983-85 0.0 0.0
0
0

Ace orouo (years)
130- 135- 140- 145- 150- 55- 160- 165- 170- 175- 180- 185+
34
39
44
49
54
59
64
69
74
79 84
0.0 6.2 21.5 9.8 25.1 36.9 99.5 96.8 50.5 0.0 0.0 392.2
1
1
3
1
2
2
4
3
0
0
2
0
8.3 36.8 18.9 78.2 10.4 73.9 82.8 0.0 48.5 0.0 0.0 0.0
1
2
7
10
1
4
0
0
0
0
3
5
13.6 25.0 53.5 40.9 25.0 72.5 67.1126.647.6151.5 0.0 0.0
1
2
4
10
4
5
0
0
6
6
3
6
9.1 31.9 25.9 29.1 50.8 59.2 84.4101.871.2144.9 0.0 0.0
2
2
0
9
5
7
6
5
0
3
6
6
8.0 26.8 14.0 26.9 53.1 32.2 42.3 62.1 26.6 0.0 0.0 0.0
1
9
4
4
4
4
0
0
0
3
6
9
11.2 11.112.345.148.352.035.648.4 41.2 36.5 76.9166./
2
1
4
12
10
4
4
1
1
4
8
5
13.7 33.4 15.1 51.1 42.9 35.7 39.3 35.9 28.7 0.0 122.0 0.0
2
1
1
4
8
6
4
0
0
3
9
3

All
19
35
50
53
48
61
41

Because of the small number of deaths in each five-year age group for each time period, the
age-specific mortality rates fluctuate markedly. The suggestion in table 5.1 that Maori women born
about 1948 and 1953 may have experienced increased mortality from cervical cancer requires
additional years of follow up of these birth cohorts.
Changes in the cumulative mortality of cervical cancer for Maori and non-Maori women 0 to
74 years of age are shown in figure 5.1.
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Figure 5.1. The trends in the cumulative mortality of cervical cancer among Maori
and non-Maori women, 0 to 74 years of age, In New Zealand.

The cumulative mortality of cervical cancer among Maori women hasbeen consistently 2.5
to 4 times higher than the cumulative mortality among non-Maori women. This excessive mortality
among Maori women has not become smaller over the 1953 to 1985 time period.
Using 1O-year age groups, and 1O-year timeperiods, the number of Maori deaths from
cervical cancer allowed a log-linear model to be applied to the table of mortality rates. Figure 5.2
shows the age, cohort and period values obtained andthe values from an equivalent analysis of the
corresponding non-Maori cervical cancermortality rates.
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Figure 5.2. The age, period and cohort values from the log-linear model applied
to Maorl (deviance
12.11, degrees of freedom
3) and non-Maorl (deviance
1.27) cervical cancer mortality rates for 10-year periods from 1956 to 1985 and
10-year age groups 20 to 69 years of age.
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=

=

The age values show the much greater increase in the risk of mortality for Maori women with
increasing age within each generation. ForMaori women, the risk of death fromcervical cancer
appears to have declined with successive generations andunlike non-Maori women no increased
risk among recent generations of Maori women was apparent in thecohort values from the log-linear
model using 10-year age groups. However, this maybe dueto the insensitivity of the 1o-year age
groups used since the table of 5-year age-specific mortality rates (see table 5.1) suggests an
increased mortality among some recent generations of Maori women might have occurred. The
period values for Maori women appear similar to those of non-Maori women andreflect thetrends in
cumulative mortality shown in figure 5.1.
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Table 5.2. The age-specific Maori to non-Maorl mortality rate ratios for cervical
cancer.
Aoe orouo (years)
Periods
20-29
30-39
40-49
50-59
60-69
1956-1965
4.2
8.6
3.8
1.5
3.2
1966-1975
5.2
6.0
3.0
3.7
4.5
1976-1985
2.7
3.4
3.7
3.7
2.4
4.0
4.2
3.5
RRt
3.1
3.2
RR· Rate ratio of time penods adjusted for age groups.
RRt Rate ratio of agegroups adjusted for time periods.

70-79
1.7
2.9
1.4
1.9

80+
1.6
0.0
3.8
1.8

RR·
3.1
3.8
3.2

Foralmost all agegroups in each time period in table 5.2, the Maori to non-Maori mortality
rate ratio was significantly greater than unity. Maori women have experienced greater mortality from
cervical cancer than non-Maori women. The small number of deaths from cervical cancer among the
oldest and youngest age groups in each time period presented in table 5.2 produced the widest
variation in the rate ratios within each age group overthethree time periods studied. Overall, the
increased riskof mortality from cervical cancer among Maori women has been about 3 to 4 times
higher thanfor non-Maori women. The age-specific rate ratios for women under30 years of age
were not found to be heterogeneous over the three time periods and therefore, the declining rate
ratios among women under30 years of agedoes not represent a statistically significant trend
towards more favourable mortality rates among Maori women compared to non-Maori women (or
alternatively, more unfavourable mortality rates among non-Maori women compared to Maori
women) in this age group. Overthe 1956to 1985 timeperiod, the greatest excess in the mortality
of cervical cancer for Maori women has been among women under 50 years of age. Among women
born over a wide range about 1936, Maori women appear to have been at greater risk of mortality
fromcervical cancer than similar birth cohorts of non-Maori women. This may have been due to
differences in screening coverage (Tennent et al. 1967) however, screening does not appear to
have had much influence on the trends in the mortality of cervical cancer in the total population (see
section 3.3) andthe excess risk among young Maori women was present in the earliest time period
when screening would have had the least effect (though only a few deaths were recorded). This
greatly increased risk of cervical cancer among Maori women bornabout 1936 compared to nonMaori women born about the same cohort is probably dueto riskfactors other than screening. It may
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have been associated with the social upheaval involved during the increased urbanization of young
Maori women in these cohorts.

5.3.2.

Incidence

Table 5.3 shows the Maori age-specific incidence rates of cervical cancer and the 10-year
age-specific cumulative incidence ratios for the 1962 to 1966, 1968 to 1971, 1972 to 1976 and
1978 to 1982 time periods (Rose 1970; Foster 1976; Foster and Fraser 1982; Findlay et al. 1987).
Table 5.3. The age-specific (10-year) cumulative Incidence rates and the
cumulative Incidence of cervical cancer (0-74 years of age) for Maorl and other
main ethnic groups of women resident In New Zealand.

E*

20-29

30-39

Aae arOUD (years)
40-49
50-59

1962-1966 M
NM

1.4
2.4

43.8
14.8

94.1
35.2

76.9
38.0

135.7
36.7

19.5
33.4

3.5
1.5

M/NM rate ratiot

0.6

3.0

2.7

2.0

3.7

0.6

2.3

1968-1971 M
NM

6.9
1.9

67.0
11.0

63.6
20.5

56.6
28.4

83.7
30.4

46.8
26.0

3.2
1.1

M/NM rate ratiot

3.6

6.1

3.1

2.0

2.8

1.8

2.9

1972-1976 M
NM

5.7
4.8

53.7
16.1

79.2
20.9

92.2
29.5

58.6
29.6

26.9
20.3

3.3
1.1

M/NM rate ratiot

1.2

3.3

3.8

3.1

2.0

1.3

3.0

1978-1982 M
NM
PI

6.8
6.4
9.1

47.8
22.6
28.4

77.6
24.3
160.1

51.3
24.5
224.8

85.9
30.4
196.3

71.1
19.9
283.2

2.9
1.2
6.6

M/NM rate ratiot

1.1

2.1

3.2

2.1

2.8

3.6

2.4

Periods

'"

..

60-69

70+

er-

...

Ethnicity: M - Maon, NM - non-Maon, PI - Polyneslan PacifIcIslanders.
** Cumulative incidence 0 to 74 years of age calculated using 5-year age groups.
t Maori to non-Maori age-specific (10-year) cumulative incidence rate ratios and the cumulative
incidence rate ratio for women 0 to 74 years of age.

From the cumulative incidence ratio, Maori women were about 2.4 to 3.0 times more likely to
develop cervical cancer than non-Maori women. Polynesian Pacific island women resident in New
Zealand appear to have been more than twice as likely as Maori women to developcervical cancer.
From records supplied by the Cancer Registry, the great majority of resident Polynesian Pacific
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island women registered withcervical cancer appear to have come from, in orderof most to least
frequency, women born in Samoa, the Cook Islands, Niue and Tonga.
While the age-specific (1 O-year) cumulative incidence rates of cervical cancer increased for
non-Maori women under 50 years of age, theydeclined among Maori women between 30 and 59
years of age. Among Maori women under30 years of age, the age-specific (10-year) cumulative
incidence rate did notincrease to the same extent as among non-Maori women and the Maori
incidence rate was not much greater than the age-specific (10-year) cumulative incidence rate for
non-Maori women from 1972 onwards.
The extremely high riskof cervical cancer forthe 1976 to 1982 time period among New
Zealand resident Polynesian Pacific island women was confined to women 40 or more years of age.
This may have been dueto olderwomen whohave migrated to New Zealand bringing theirrisk of
cervical cancer for theirgenerations with them from theircountry of birth while younger Pacific island
women may have risks of cervical cancer similar to theNew Zealand population because they may be
more likely to have entered adulthood here.
Some of the observed increased incidence rate of cervical cancer among New Zealand
resident Polynesian Pacific island women may bedueto the misclassification of NewZealand
residency. In particular, people who come to New Zealand fortreatment may staywithrelatives
awaiting admission to hospital and be considered to be residents of New Zealand by hospital
admission staff. However, theywould not be included in the denominator of the incidence rates
since onlythe usually New Zealand resident Pacific island population identified by the population
census has been used for the denominator of the incidence rates.
5.3.3.

Registrations of carcinoma In situ
Table 5.4 shows the age-specific number of registrations and registration rates of carcinoma

in situ for Maori women in NewZealand.
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Table 5.4. The age-specific registration rates and numbers of women registered
with carcinoma In situ of the cervix for Maorl women In New Zealand (rates given
per 100,000 person-years).

Periods
1956-60
1961-65
1966-70
1971-75

2024
0.0
0
5.4
2
4.9
2
3.8
2

Aae orouos (
40- 4544
49
19.9 17.0
2
3
46.3 28.6
4
8
28.3 31.4
6
5
52.5 54.8
14
11

I I I I
2529
3.7
1
49.3
16
22.5
8
36.5
15

303534
39
27.2 11.4
2
6
43.2 59.6
12
13
38.5 60.0
12
16
58.2 31.9
21
10

ears)
50- 5554
59
0.0
0.0
0
0
35.9 13.2
1
4
23.0 10.7
1
3
0.0 17.4
2
0

I I 60I 65+
64
0.0 0.0
0
0
0.0 0.0
0
0
15.4 21.9
1
1
11.9 0.0
1
0

All
14
60
55
76

Maori registration rates of carcinoma in situ were notprovided by the Cancer Registry forthe
years since 1975. Noclear trend is obvious in the Maori registration rates of carcinoma in situ in table
5.4.

Thetrends in Maori cervical cancer mortality and registrations of carcinoma in situ, forwomen

oto 74 years of age, are shown in figure 5.3 using the cumulative mortality and cumulative
registration rates.
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Figure 5.3. The trends In the cumulative mortality of cervical cancer and the
cumulative registration of carcinoma In situ among Maorl women, 0 to 74 years of
age, In New Zealand.
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Cervical cancermortality among Maori women increased during the 1963to 1972 time
period and subsequently declined. The decline in the mortality for Maori women which occurred
afterthe registration rate of carcinoma in situ increased might not have beendue to increased
screening activity. The relatively large fluctuation in the age standardized rate of Maori cervical
cancermortality over the twenty years from 1956to 1975might be dueto the imprecision of this
measure dueto few Maori deaths from cervical cancer in each timeperiod.
Figure 5.4 showsthe age, period and cohort values obtained from the log-linear model
applied to the Maori and non-Maori registration rates of carcinoma in sltu for women 25 to 49 years of
age andfrom 1956to 1975in 10-yearintervals.
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Figure 5.4. The age, period and cohort values from the Jog-linear model applied
to Maorl (deviance
12.19, degrees of freedom
6) and non-Maorl (deviance
2.85) carcinoma In situ registration rates for women 25 to 49 years of age over the
1956 to 1975 time period.
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Despite the relatively small number of registrations of carcinoma in situ among Maori women
for the 1956to 1960time period, a summary of trends in the age-specific registration rates was
achieved. This description was severely limited by the very small numbers of registrations of
carcinoma in situ among Maori women shown in table 5.4. The main difference between Maori and
non-Maori women was found in the age values. They suggest thatwhile the non-Maori riskof
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registration of carcinoma in situ declined for women about 40to 49 years of age, the riskof
registration for Maori women continued to increase with age. This increased riskof registration of
carcinoma in situ with age for Maori women is difficult to attribute to anyeffect from screening which
would be expected in the period values. However, it mayhave been dueto the model providing a
poor description (deviance =12.19, degrees of freedom = 6) for the olderage groups in the 1956 to
1960 time period which hadveryfew Maori registrations of carcinoma in situ to contribute.
Alternatively, screening activity among younger Maori women may have been relatively low
compared to non-Maori women and the registration rates of carcinoma in situ among olderMaori
women might then truly reflect their higher riskof cervical cancer.
The cohort values for carcinoma in situfor successive generations of Maori women
appeared to increase in a similar wayto that for non-Maori women butbegan increasing earlier. The
period values suggest that the temporal effects of screening activity and registration practices were
similar for Maori and non-Maori women during the period studied.
Table 5.5 shows the age-specific Maori to non-Maori registration rate ratios of carcinoma in
situ for the ten-year time periods 1956to 1965 and 1966to 1975 by the ten-year age groups listed.

Table 5.5. The age-specific registration rate ratios comparing the Maori and nonMaorl experience of registration of carcinoma In situ.
Aae arOUD (vears)
Periods
40-49
50-59
20-29
30-39
1956-1965
1.7
1.0
0.9
1.3
1966-1975
1.1
0.8
1.5
1.1
1.1
1.2
1.1
RRt
1.0
RR* Rate ratio of time periods adjusted for agegroups.
RRt Rate ratio of agegroups adjusted for time periods.

60-69
0.0
2.8
1.6

RR*
1.1
1.1

Maori women werenot significantly more likely than non-Maori women to be registered with
carcinoma in situ inthe 1956to 1975 time period. After adjusting for age or time period, the
registration rate of carcinoma in situ among Maori women was notgreater than for non-Maori women.
The Waikato Hospital Board (1985) found that the ageadjusted rate ratio of registration of carcinoma
in situ for Maori women compared to non-Maori women in 1982 was 0.53 (95% confidence interval
0.22to 1.32) in the Waikato region whilethe equivalent age adjusted relative riskof registration of
invasive cervical cancer was 3.59 (95% confidence interval 1.84to 7.00). Both of these results
suggest that the cervical screening service has reached Maori women less than non-Maori women in
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NewZealand. It is possible, but unlikely that the natural history of the disease has been different
among Maori women. A possible explanation might be thatthe ethnicity of registrations of
carcinoma in situ hasfrequently been misclassified, in paticular Maori registrations somehow being
classified as non-Maori registrations, more frequently thanfor invasive cervical cancer registrations
but this is probably unlikely.
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5.4. Discussion
5.4.1. Ethnicity and cervical cancer In New Zealand
The use of different definitions of ethnicity in the official health statistics, the methods of
measuring ethnic status andthe completeness of the coding of ethnicity means that the observed
differences in the cervical cancer experience of ethnic groups within the New Zealand population
must be interpreted with caution. Forthe comparison of the mortality rates of cervical cancer
between Maori and non-Maori women, the observed differences probably underestimated real
differences. The amount of underestimation was not known accurately.
Maori women experienced an ageadjusted relative riskof 3.2 (95% confidence interval 2.6
to 3.8) of dying from cervical cancer compared to non-Maori women during the 1976 to 1985time
period. This mayreflect a greater prevalence of riskfactors, later presentation of disease, or a lower
level of effective cervical screening activity among Maori women compared to non-Maori women.
For cancer registrations, the direction of the bias in the classification of ethnicity compared
to the definition of the population at risk is notknown. It candepend on whether ethnicity has been
measured by ancestry or personal identification (Pasupati et al. 1980). Forcancer registrations the
classification of Polynesian Pacific islanders may be more accurate than for the Maori because the
country of birth is also recorded by the hospital admission clerks. However, many Polynesian Pacific
islanders travel from Pacific island nations to receive treatment for cervical cancer through National
Women's Hospital in Auckland. Because most New Zealand resident Pacific islanders livein the
West and South-Eastern parts of Auckland, the accuracy of the recording of ethnicity, domicile and
country of birth by admission clerks at National Women's Hospital, and possibly also Middlemore
Hospital, would be a main determinant of the accuracy of the ethnic registrations of cervical cancer
dueto the concentration of Maori and Polynesian Pacific island women in the Auckland area(Trlin
1979). These are unlikely to explain all of the highcumulative incidence of cervical cancer of 6.63%
recorded for NewZealand resident Polynesian Pacific island women. Another group of
Polynesians, Hawaiian's, do not have higher incidence rates for cervical cancer (Findlay et al. 1987).
However, Melanesians living in the Southern Pacific region have been shown to have high
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incidence rates of cervical cancer (Parkin et al. 1988). Pregnant Fijian women have high prevalence
rates of sexually transmitted diseases (Gyaneshwar et al. 1987). However, Samoan and Cook Island
cervical cancer incidence rates maynot be as high as among Melanesian populations (Taylor et al.
1985). The NewZealand resident Polynesian Pacific island population is growing rapidly and
doubled between 1971 and 1976(Trlin 1979) andan increasing proportion of cervical cancer is
likely to be from Polynesian Pacific island women resident in New Zealand evenif the cervical
screening service to these women is greatly improved. Thevery high incidence of cervical cancer
among Pacific island Polynesian women could result in the projected incidence of cervical cancer in
section 3.3.6 being underestimated should this population continue to increase dramatically.
If this cumulative incidence of cervical cancer among New Zealand resident Polynesian
Pacific island women 0 to 74 years of age is accurate, then they would represent oneof the highest
riskpopulations for cervical cancer in the world. It is possible that thepopulation at riskhas been
underestimated by the 1981 population census. Forwomen 50 or more years of age, the total
number of women for whom ethnic status was not obtained in the 1981 population census is
greater thanthe number of usually resident Polynesian Pacific island women (Department of ..
Statistics 1981). Polynesian women may also be lesslikely to record theirancestry on the census
form. Also, in the 1981 census Maori ethnicity tookprecedence overotherPolynesian Pacific
island ethnicity. Forexample, a person whowasone-half Maori andone-half CookIsland was
classified as Maori. This problem of classifying the population at risk probably produced some
overestimation of the cumulative incidence of cervical cancer among Polynesian Pacific island
women. The different methods of classifying the ethnicity of the numerator compared to the
denominator andthe accuracy of the ethnic classification and residency of the numerator maybe
the most important sources of any bias.
In table 5.3 the age-specific incidence rate of cervical cancer among Polynesian Pacific
island women under 40 years of agewas similar to the non-Maori incidence rate (which includes
Polynesian Pacific island women). Possible reasons for this are firstly, thatyounger Polynesian
Pacific island women might be more likely to have grown up in New Zealand and might have lower
riskof the disease thanwomen who were young adults in the Pacific islands before migrating to New
Zealand. Secondly, the riskof cervical cancer among young New Zealand women might have
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increased to the level among Polynesian Pacific island women of the same age resident in New
Zealand. Thirdly, young Pacific island women might have been more likely to have been screened
for cervical cancer in New Zealand than olderPacific island women.
Further investigation of the basis uponwhich the numerator andthe denominator of the
Pacific island cancer incidence rates are determined is needed to produce much more precise
estimates of the riskof cervical cancer among Pacific island women resident in New Zealand.
5.4.2.

The Maorl experience of cervical cancer
5.4,2,1. Sexual behaviour

Davis (1977), afteradjusting for age, found that Maori and Polynesian women attending the
sexually transmitted disease clinic were 70%more likely to have hadsexual intercourse before the
age of sixteen compared to European women attending the same clinic. A study of a high school
population by Cameron (1980) alsosuggests an earlier average age atfirstcoitus among Maori
women compared to non-Maori women. The reported earlier average age at firstcoitus among Maori
men compared to non-Maori men was more marked thanbetween Maori and non-Maori women.
Maori women have been more likelythan non-Maori women to be admitted to public
hospitals in NewZealand with complications of sexually transmitted diseases (R.Carlson,
unpublished). Willmott (1982) noted that gonorrhoea among sexually transmitted disease clinic
attenders in Auckland was more common among Maori and Pacific island women than European
women. This appeared more likelyfor attenders in the lowest socioeconomic groups or the
unemployed. Mostof these women attending the clinicwere contacts of men with gonorrhoea.
Maori and Pacific island women were also less likely to return for follow up. Sierre (1972) and Platts
(1979b) also suggest thatthe incidence of sexually transmitted diseases has been higher among
Maori and Polynesian Pacific island men andwomen.
5.4,2,2, Screening

Information about the cervical screening of Maori women is sparse. Tennent et al. (1967)
noted that Maori women were lesslikelyto have presented an opportunity, except at antenatal
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examinations, for cytological investigation. Marshall (1966) reported double the proportion,
unadjusted for age, of cervical smears histologically confirmed ascarcinoma in situ or worse from
Maori women compared to non-Maori women.
It is possible thatthe same degree of cervical screening in Maori women, in comparison to
non-Maori women might have a bigger impact on Maori mortality because of theirgreater risk. This is
unlikely unless the Maori women screened were more likely to be older, or better targeted in other
ways, than non-Maori women screened for otherwise the proportional reduction in cervical cancer
could be expected to be the same in the two ethnic groups. The relatively low registration rates of
carcinoma in situ compared to the increased risk of invasive cervical cancer for Maori women
compared to non-Maori women suggest this did not happen.
Grace (1985) found that Maori women were less likely to report having had a smear or a
recent smear than non-Maori women. This might have been despite higher general practitioner
contact rates among Maori women than non-Maori women for most agegroups (Davis 1987).
Improvements in the cervical screening service for Maori women are needed to reduce theirriskof
cervical cancer.
5,4,2.3, Otherriskfactors

Fifty-eight per cent of Maori women smoke (Hay and Foster 1984) compared to 27% of nonMaori women. If smoking werecausally related to cervical cancer, this could explain some of the
excess risk experienced by Maori women. Hayand Foster (1984) have shown thata small increase
in the percentage of all women 20 to 24 years of age whosmoke occurred during the 1976 to 1981
time period. This also occurred among Maori women inthe same agegroup. A larger increase in
smoking wasfound among Maori women 15 to 19 years of age while no increase inthis age group
was seen for non-Maori women. The degree of smoking for the two ethnic groups at a young age
amongst otherbirth cohorts is unknown.
Changes in the prevalence of smoking arenot likely to explain time trends in cervical cancer
among Maori and non-Maori women. The changes in the prevalence of smoking for both ethnic
groups have not been of the same magnitude asthe increase in cervical cancer among recent birth
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cohorts of women and are unlikely to explain the apparent greater riskof cervical cancer among
Pacific island women.
Trlin and Perry (1981) in The Manawatu Family Growth Study found, of those aged 16 to 44
years, 89.6%of European women and 83.9% of Maori women had used oral contraception at some
time. Differences in the use of oral contraception are also unlikely to explain the increased risk of
cervical canceramong Maori or Pacific island women.
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Chapter 6

A pilot study for a cervical screening service

167

6.1. Introduction
Organized cervical screening programmes reduce the incidence and mortality rates of
cervical cancer. Different types of organization of cervical screening programmes exist worldwide. It
has been suggested that the most effective cervical screening programmes arethose that are
centrally organized and place the least reliance on spontaneous smears taken at 'opportunistic'
health care contacts (Hakama et al. 1985; World Health Organisation 1986a). Spontaneous smears
are often taken during contacts for contraceptive advice, pregnancy andthe treatment of sexually
transmitted disease or gynaecological symptoms. These consultations are more common among
women underforty years of age.
A cervical screening programme involves coordination of primary health care workers,
laboratory services, specialist gynaecological treatment services and oncology services. It involves
doctors, nurses, technicians, cytologists, gynaecologists, oncologists, health administrators and
theirclerical staff. A screening programme mayalso include a cancer registration programme and a
director, with administrative staff, to take overall responsibility for the effectiveness of the
programme.
Several factors are considered to influence the success of a cervical screening programme.
These are listed in table 6.1. The effectiveness of the programme is likely to be reduced rapidly as
increasing numbers of these conditions are not met. Other guidelines for the organization of
cervical screening have also been produced (ICRF Coordinating Committee on Cervical Screening
1984) which include the following: arrangements for making andkeeping appointments for
examination, arrangements acceptable to women for the actual taking of smears - for example, the
availability of choice between one's owngeneral practitioner or a clinic staffed by women - and an
informed client population whose members know and understand the function of the procedure.
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Table 6.1. Aspects Important In the effectiveness of a cervical screening
programme (World Health Organisation 1986a).
1

Identification of the target population, Le. specifying the women at highest risk and the age
and frequency of intended 'screening (the age distribution of the population as well as
age-specific morbidity and mortality dataon cervical carcinoma will be valuable for costeffectiveness planning and evaluation).

2

Establishment of an accounting mechanism to ensure thatthe women are screened as
planned andthat women who have not been screened are included in the
programme (the emphasis here is on which women are screened and the number of
women screened and not the number of screens performed).

3

Organization of the taking of cytological smears, which should preferably be done at the
primary health care level and within the existing health care facilities.

4

Organization of high-quality centralized cytology laboratories.

5

Organization of diagnosis andtreatment facilities for management of patients in whom an
abnormal cytology wasfound.

6

Establishment of an adequate followup mechanism to ensure that all positive cases are
treated appropriately.

7

A central office or individual should be identified as being responsible for planning,
coordinating, monitoring and evaluating the screening programme. A precise statement
of the programmes objectives is essential.

In NewZealand, the report of the working party making recommendations on cervical
screening policy (Skegg et al. 1985) identified the need for different types of screening
programmes to be piloted in parts of the country before a national screening programme was
initiated. The recognized success of the Scandinavian mass population screening programmes
suggested that another attempt to institute mass population screening programmes might be
worthwhile in NewZealand. A pilot study using the electoral rolls of the Otago region, as a
population register, to identify women to be invited by letterto participate in the programme was
carried out from November 1985 to August 1988.
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Figure 6.1. Map of the Otago region of New Zealand with the area included In the
pilot programme outline by the bold line.
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6.2. Design, pilot and evaluation
A steering committee was established comprising thefollowing members:
Professor D.C.G Skegg (Chairman, Professor of Preventive and Social Medicine),
Professor R.J. Seddon (Professor of Obstetrics and Gynaecology)
Professor A.M. Clarke (Dean, Christchurch Clinical School),

Or. C. Paul (Senior lecturer. Department of Preventive andSocial Medicine).
Dr. B. Brookes (Lecturer. Department of History and member of the Women's Health Committee.
Board of Health).
Dr. N.W. Fitzgerald (Private pathologist),
Dr. J.W. Mills(General practitioner, local representative of theNewZealand Obstetrics and
Gynaecology Society.
Skegg, seodon, Paul and Fitzgerald were members of the working partywhich made the
1985 recommendations for cervical screening policyin New Zealand. The committee guiding the
piloting of the Otago Cervical Screening Programme (OCSP) first met on 7th July 1985. Meetings
afterthe firstwere called by the chairman in Iiason with Dr. Paul andmyself.
Professor Skegg, Dr. Pauland myself met several times informally before the first meeting.
In consultation with Dr. N.W. Fitzgerald, the geographical region within the Otago areato be
included was recommended and is outlined by the bold line in figure 6.1. This area corresponds to
the catchment of the majority of the cervical smears processed by the private laboratory in Dunedin.
Almost all of the cervical smears taken by general practitioners in the region are processed by this
laboratory. It was also the mainregion served by the Otago Hospital Board.
If the pilot study was considered a success. it would be extended to coverthe
approximately 54,000 women in the region over a 12 to 18 month period. An assessment of the
size and age structure of the female population of the region to be covered was made using the
1981 census data (Department of Statistics 1981). The regional registrations of carcinoma in situ
and invasive cervical cancerfrom 1982to October 1985 were examined from the registration cards
held at Dunedin Hospital. the majorhospital of the region. Because of the relatively few Maori
women in the region. a single standard invitation format was prepared for the pilot study. Some of
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the demands that would be placed on the different sectors of the health service if all 54,000 women
were invited over a 12 month period were estimated. Because a regional screening programme
might haveinterfered with the specific cervical screening arrangements of some general practices, a
visa to Dr. David Cook's practice in Owaka was made to review his screening arrangements.
Draft letters of invitation, an information sheet and a registration form for the programme
were prepared and reviewed by the steering committee. They were then sent to each general
practitioner or gynaecologist in the areawith a letteroutlining the study. The study was also
discussed with the Welfare Officers of the Otago-Southland Division of the Cancer Society, the
medical adviser and seniornursing staffof the local Family Planning Association, Professor
Campbell Murdoch (Professor of General Practice, Otago Medical School) and Dr A. Chang
(cytopathologist of the Dunedin Hospital cytology laboratory). The letteroutlining the study was
also sentto the districtMedical Officerof Health, the secretary of the Otago-Southland Division of
the Royal New Zealand College of General Practitioners, the Director of Clinical Services for the
Otago Hospital Board, registrars enrolled in the Family Medicine Training Programme andthe
doctors of the Family Planning Association clinic in the region.
After studying the responses from the medical fraternity, the letters of invitation, the
registration form and the information sheet were again reviewed by the steering committee. The
concerns raised are listed in section 6.3.1. The invitation was tested informally with several women
before the final wording and format were decided upon. The project was submitted to, and
approved by, the ethical committee of the Otago Hospital Board. The pilot study and evaluation was
carried out under a grantfrom the Otago-Southland division of the Cancer Society of New Zealand.
I was present at all meetings of the steering committee andMrs. Judith Smeijers, my
assistant, attended all meetings from 27 February 1986.
The postal invitation to join the screening programme consisted of: a personally addressed
and signed letterof invitation, an information sheet about cancer of the cervix, a pink registration
form, a replypaid envelope and a stamped green cytology request form for presentation to a doctor
at the discretion of the woman. This material is presented in Appendix B.
The pilot study population consisted of 1013women who were randomly selected from the
1985 electoral rolls of the following electorates: Dunedin North, Dunedin West, St Kilda, Otago,
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Clutha and Southern Maori. Computergenerated random number triples were used to identifythe
electoral roll, the page numberand the number down the page for the selection process. If the
person corresponding to the numbertriple was considered to be male then the nearest woman was
chosen. Gender was deduced from the first names listed. The electoral addresses were used to
restrict eligibility to the geographic region of the screening programme. The name, electoral
address and electoral roll were entered onto a computerfile for the generation of the invitation
letters, registration forms and addressed envelopes. During the generation of these items a code
number, subsequently called a form number, was allocated to each woman receiving an invitation.
This form numberappeared in the top right hand corner of the registration form. A document was
prepared for discussion by the steering committee of the programme during the planning phase
(see Appendix A).
The invitations to the 1013 women were sent out between 21 November and 29 November
1985. Joining the Otago Cervical Screening Programme meant receipt by me of a signed pink
registration form. The information on the registration forms received was entered into a
microcomputer database file. Two monthsafter the invitations were sent an alphabetical listing of all
women invited to join the programme, and their addresses, was generated to checkwhetherthey
had had smearsprocessed by the private laboratory. This master list included the date of birth for
registrants in the left hand margin. Registrants were listed by theirname, maiden nameor previous
names, within this list in normal alphabetical position. For registrants, their form number was also
listed. All cervical cytological request forms processed by the private laboratory, from the first month
invitations were sent until 31 August 1988, have been examined to determine which smears were
taken from women sent invitations to join the programme. For21 women the information on the
cytological request form was not sufficient to determine whether they were sent invitations. For
registrants, the date the smearwas received by the laboratory, the doctor underwhose name the
smearwas taken, the report of the smear and the laboratory specimen number werewritten down in
the space provided on the masterlist. The cytological reports were coded from the written reports.
For non-registrants who were sent invitations and who had smears taken, the datethe smearwas
received by the laboratory and the date of birth on the request form were recorded. This allowed
some assessment of the difference between the age distribution of registrants and non-registrants
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who were sent invitations andwho had smears taken, to be assessed. Publicity about the
establishment of the screening programme wasrestricted to a press release which was reported in
the local newspaper.
From 20th March 1986to 5th May 1986 an evaluation of the postal invitation was made by
interviewing, by telephone, a random selection of registrants and non-registrants at tst March 1986.
One hundred and fifty non-registrants and 52 registrants were chosen. For 29 non-registrants a
telephone number could not be found in the 1985 Dunedin or Invercargill telephone books. One
registrant did not have a phone. A letterwas sent to these 172women inviting them to take part and
informing them that they would be contacted by telephone. One non-registrant was deceased, 4
non-registrants had moved, 5 were infirm, 5 were notreached afterat leasttwo telephone calls, 4
were on holiday or overseas and 14 refused to be interviewed. One non-registrant was excluded
because of intellectual handicap after interview. One registrant refused to be interviewed. This left
87 (73%) of the 121 non-registrants with traceable phone numbers and 50 (98%) of the registrants
with phone numbers who agreed to be interviewed. Thetelephone interviews were conducted by
Mrs. Judith Smeijers and covered aspects of the invitation, risk factors for cervical cancer, possible
obstacles to participation and socio-demographic variables. Noquestions about sexual history were
sought. Some of the questions asked were dependent on whether the interviewee had had a
hysterectomy or knew of the cervical smear test. Inthe assessment of a woman's history of cervical
smears an attempt was made to exclude smears taken in response to the invitation. The main
interview used is contained in appendix C. Standard case-eontrol analysis wasused to assess
statistical differences between registrants and non-registrants interviewed. Fisher's exact test
(Fisher 1935) was used to analyse contingency tables and the methods of Mantel and Haenszel
were used to estimate odds ratios (Mantel and Haenszel1959) andtrends (Mantel 1963). Age
adjustment was carried out using eitherthree twenty-year age groups from 20 years of age or,
where the numbers of entries in the tables were too small, using a second age group of 40 or more
years of age. The sample sizewas notchosen specifically to detect statistical differences between
the two groups, but rather, to indicate which variables may have influenced the participation of
women in the screening programme andto keep the costs to a minimum. Therefore, the evaluation
had a low statistical powerto detectanything but large differences between registrants and non-
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registrants in the variables studied. The small numbers in some of the entries of contingency tables
assessed using Fisher's exact test meant that the probability of the observed combinations of
entries (p-values) were sometimes susceptible to the misclassification of even single entries.
Because of these considerations, andthe attributable effect on registration that could occurfrom
differences in variables thatwere notstatistically significant, all differences with probability values
lessthan 0.15wereconsidered as possible explanatory variables. Where otherstudies provide
evidence that these variables are likely to be important they aregiven more weight in the discussion.
The strength of associations with particular variables, aswould be indicated by odds ratios, could not
be estimated with precision because of the small sample sizes chosen.
The results will be presented in three sections. Firstly, the issues that arose during the
planning of the screening programme and the pilot study are listed. Secondly, an analysis of the
registrants in the pilot study and the results of their follow up arepresented. Thirdly, the results from
the telephone interviews with the sample of registrants and non-registrants aregiven.
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6.3. Results
6.3.1.

Planning the study

Estimates of the completeness of the electoral rolls for the six electorates in the region were
unobtainable. For all the electorates in NewZealand combined, the 1983 electoral rolls were
considered to list 93% of the eligible voters (Department of Statistics 1984a). Eligibility to vote
occurs from 18 years of age.
The regional registrations of invasive cervical cancer for the period 1978to October 1985
were examined. In at least 2 of the 74 cervical cancer registrations the cervical stump wasthe site of
occurrence. Both of these women were over80 years of age andpresumably had had a subtotal
hysterectomy for benign conditions. The proportion of women locally registered with invasive
cancer of the cervix whose names appeared on at least one electoral roll from 1978 to 1985, priorto
their yearof registration. was 92.5% (36of the 40 registrations were on local electoral rolls and one
on an Auckland roll). The threewomen not found on any of the electoral rolls were aged 32,36 and
65 years at the registration of their cancer.
During the planning phase of the study the following issues arose:
1.

Consent for the register to keep a woman's personal datawas considered necessary. Valid
registration required a woman's signature on the registration form.

2.

Ensuring confidentiality of the information in the cytological reports andregistration forms
placed in a computer file was important. This was achieved by using a microcomputer within
the Department of Preventive and Social Medicine.

3.

The screening programme needed to be designed so as notto interfere with anycall and
recall systems of general practitioners. The register would notify the woman registered that
she required a smear only when the accepted interval between smears (within three years)
had expired and she had not had smears recorded during the interval.

4.

The problems of reaching women most at riskof cervical cancer were discussed frequently.
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5.

It was suggested that there is a reluctance of post-menopausal women to have
gynaecological checks. There mayalso be a reluctance for doctors to perform gynaecological
examinations on olderwomen.

6.

There was antagonism from many general practitioners towards any mention of family planning
clinics in the invitation. In orderto maintain theircooperation, reference toward family planning
clinics hadto be dropped from earlier drafts. The phrase: 'yourusual doctor' or the doctor
I

of yourchoice' was used in the invitation.
7.

The waiting timefor colposcopy for women with abnormal smears was of concern (Newlove
1985). The colposcopy service was improved shortly after the programme started.

8.

The information sheet did not carry information on howa cervical smear is performed. A
detailed description of the procedure was not considered necessary and it was thought it
might hinder participation in the programme.

9.

The description of the procedure given at the beginning of the information sheet might
prevent some women from participating.

10.

Cervical smears fromthe sexually transmitted disease clinic at the hospital were identified by a
numbering system known only to the staff of the clinic. These smears could notbe included
in the programme.

11.

The hospital cytopathological workload mightincrease butthis was accepted as a
consequence of a worthwhile programme.

12.

Women receiving the letterof invitation might thinkthatthe organizers of the programme
would take thecervical smears or run a special clinic.

13.

The impression might be given that smears should notbe performed more often than threeyearly. Some general practitioners have a policy of routinely doing them more frequently than
this, and often do, if there is any reason for a vaginal examination.

14.

Any form must not be too lengthy to complete. Theclients of the laboratory services are
doctors andtheir staff.

15.

There was concern about the implications of increased screening on an individual doctor's
case load. Thiswas assessed andfound to be negligible for the pilot study of only 1013
women.
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16.

Some general practitioners mightseethe register as an infringement of their practice of
medicine rather than an adjunct to good medical practice. This philosophical issue was
unlikely to be resolved.

17.

The register might interfere with the follow up or management of women with previous
cervical abnormalities by doctors. Because the register would only notify women of the need
for further smears whenfollowup failed, thiswas unlikely to be a problem.

18.

Women with a subtotal hysterectomy might be falsely reassured during the invitation. The
number of women likelyto have had a subtotal hysterectomy was considered to be small.

19.

Difficulties in identifying the cytology reports of registrants whenthe identifying information is
incomplete or illegible.

6.3.2.

Response and follow up
Afterthe invitations were sent, several enquiries andone complaint were received by the

screening programme. A list of these enquiries andthe complaint is givenin table 6.2.
Table 6.2. The list of enquiries received by the programme after the invitations
were sent.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Whether any need for a cervical smear after a total hysterectomy.
Whether any need for a smear aftera vaginal hysterectomy.
Method of selection: wanted to be included.
Concern about whether any special effort was being made by the programme to reach Maori
women.
A woman in her seventies asked where shecould go for a smear because she did notwant
to go to her general practitioner.
A woman did notwantto go to her general practitioner for a smear.
Whether a clinic was provided and if the smear wasfree.
Cost of going for a smear.
Sawher doctoryesterday: did she need to make a special appointment. Hernext visitwas
due in one week.
Going to her doctorin two months time andwill have a smear taken then.
A woman had hada recent smear and she was not sure if the programme was asking herto
have another one.
Just referred to a specialist and asked if sheshould still register with the programme.
A woman had contacted her gynaecologist about the invitation who told herto ignore it.
A woman hadjust had a smear and asked if the register knew the result yet.
Objection to being addressed as 'Mrs' in the letterof invitation.
The surname and address were correct butthe first names were wrong onthe invitation.
Also asked about the cost of having a smear.
A woman notified the register of a change of name andaddress andwanted another form.
A woman could not convince her daughter to register and said she would enrol instead.
A woman saidshe would enrol instead of herdaughter.
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One letterwas received stating that a woman invited was dead. Twenty-one invitations were
returned by the Post Office unopened. The number of invitations sentthat were never received by
the women intended was not known. Information was received by the register that 11 women had
moved, 4 were ill or infirm and 3 returned blank or unsigned forms. Twenty-one women informed
the register that they had had a hysterectomy eventhough this information was not requested from
women deciding not to register with the programme.
The first registrations were received within two daysof the first invitations being sent. The
last registration was received at the end of September 1986, 11 months afterthe invitations were
sent out. The great majority of registrations were received within three months of the last invitations
being sent. In all, 267 women registered with the screening programme. This represented 26.4%
of the 1013 invitations sent out. Up to 31 st August 1988, 33 months afterthe invitations were sent,
197 (73.8%) of registrants had had a cervical smearsince the invitations were sent, compared to
209 (28.1 %) of non-registrants. However, women who had undergone hysterectomy were more
likelyto be non-registrants. If 25% of the women receiving invitations had had a hysterectomy (the
prevalence of hysterectomy in the population is unknown) andtherefore did not register, the
adjusted screening proportion among non-registrants would have been about 42%. The
proportion of registrants for each age group having had at leastone smear during the followup
period is summarized in table 6.3. An assessment of the effect of the invitation on the time from
invitation to their first cervical smear during follow up for registrants and non-registrants is also
presented, in the form of a life table, in table 6.3. The period hasbeen divided into: a first period
21/11/85 to 20/2/86 (labelled 1), a second period 21/2/86 to 20/12/86 (labelled 2), a third period
21/12/86 to 20/10/87 (labelled 3) and a fourth period 21/10/87 to 31/8/88 (labelled 4).
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Table 6.3. The estimated probabilities of first smears during the different periods
of follow up, labelled 1 to 4, and the percentage of women In each age group
having had a cervical smear during the entire follow up period 21/11/85 to
31/8/88 (unlabelled).

<30

Registrants by age group (years)
30-39 40-49 50-59 60-69 70+

Total*

Non-reg.t
total

44
78.8

59
75.6

42
73.7

35
81.4

11
47.8

6
66.7

197
73.9

209
28.1

1 Number
Probability

16
0.29

14
0.18

20
0.35

24
0.56

10
0.43

6
0.67

90
0.34

34
0.05

2 Number
Probability

23
0.58

24
0.38

12
0.32

4
0.21

1
0.08

0
0.00

64
0.36

86
0.12

3 Number
Probability

1
0.06

10
0.25

8
0.32

4
0.27

0
0.00

0
0.00

23
0.20

49
0.08

4 Number
Probability

4
0.25

11
0.37

2
0.12

3
0.27

0
0.0

0
0.0

20
0.22

40
0.07

56

78

57

43

23

9

267

745

Number
Percentage

Number in group
t
*

Non-registrants (Includes the smears from 21 women for whom the identifying Information on
the cytology form was insufficient to determine whether they had been invited to join the
programme).
Includes one registrant for whom age was unknown.

From the first period to the last period of follow up examined, the probability ratios (risk
ratios) of registrants to non-registrants having their first smear in each period declined from 7.4 to
about 3 after the first 3 months of follow up. Some of this decline was due to the increasing
proportion of women who had had a hysterectomy among the remaining non-registrants as those
who had been screened during the follow up were successively excluded from the calculation of
subsequent probabilities using standard life table methods.

Of all the women sent an invitation to join the screening programme, 40.1% had a smear in
the follow up period. If hysterectomy prevalence was assumed to be 25% (the prevalence of
hysterectomy in the population is unknown), then about 54% of all women invited without
hysterectomy would have had a smear in the follow up period. That is, only about 60% of the
population at risk might be expected to have a smear within three years of the invitation being sent.
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This was despite the invitation andthe evaluation interviews of some registrants and nonregistrants. The 406 women who had at leastone screening procedure in the follow up period had
518 screening procedures, a ratio of screening procedures to women screened at leastonce of
1.28. If three-yearly screening were adopted, then an annual screening proportion of at least 33%
of the population at riskwould be expected in the age groups covered. If the ratio of screening
procedures to non-screening procedures was 3 to 1 (Jones et al. 1988), thenthe minimum annual
screening proportion would be expected to be about 44%. This would be about 14,500 screening
procedures per yearfor the estimated 33,000 women at riskbetween 18 and 64years of age in the
region without including any additional screening procedures, andthe follow up they might
generate, that would occurwithin the three-year period for some women. Thus 14,500 screening
procedures from 11,000 different women each yearwould be the estimated minimum level of
screening activity required to be achieved in the region underthe 1985 recommendations.
Per cent

30
24.79

18-29

30-39

40-49

50-59

60-64

65+

Agegroup (years)
Figure 6.2. Histogram of the percentage of women In each age group of the area
population adjusted for the number of years In each age group.
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Figure 6.2 is a histogram of the agedistribution of women in the area population. For
women 50 or more years of age, at least25%might be expected to have hada total hysterectomy
(Macintosh 1987). Therefore, the age distribution of the female areapopulation who have not had a
hysterectomy can be expected to be slightly more skewed toward younger ages compared to the
age distribution of the female areapopulation in figure 6.2. Figure 6.3 is a graph of the age
distribution of: the registrants in the Otago Cervical Screening Programme, the non-registrants who
had smears in the follow up period andthe registrants who hadsmears in the follow up period.
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* NR-screened - Non-registrants who hada smear in the follow up period.
** R-screened - Registrants who hada smear in the follow up period.

Figure 6.3. The age distribution of registrants with the screening programme and
the registrants and non-registrants who had a smear In the follow up period.
The registrants with the screening programme appeared much more representative of the
area population with respect to agethan the age distribution of non-registrants whose smears were
processed by the laboratory. Among women under 40 years of age who hadat least two screening
procedures in the follow up period, non-registrants were more likely to have had theirsecond
screening procedure from3 months and up to 13 months after theirfirst screening procedure. This
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was likely to be due to the youngerages of non-registrants being screened and screening
procedures associated with pregnancy taken both antenatally and postnatally.
Table 6.4 lists the numbers of invitations sent and registrations received for eachof the six
electorates.
Table 6.4.

Invitations and registrations by electorate.

Electorates

Number
invited

Registrants

Per cent
reaisterina

220
244
227
159
158
5

55
59
56
47
49
1

25.0%
24.2%
24.7%
29.6%
31.0%
20.0%

1013

267

St Kilda
Dunedin North
Dunedin West
Otago
Clutha
Southern Maori
Total

For a comparison between the urban and rural areas, the combined registration fromthe
Dunedin North, Dunedin West and St Kilda electorates (urban electorates) was compared with
registration for the Otago and Cluthaelectorates (rural electorates). The town of residence of the
five woman invited to join in the Southern Maorielectorate was usedto assign these women intothe
urban or rural categories. For non-registrants, 70.1% were in urbanelectorates whereas 63.7% of
registrants were in urban electorates. The probability of a difference in proportions of this
magnitude or greateroccurring by chance is 5%. Table 6.5 summarizes the follow up of urban and
ruralwomen.
Table 6.5. The proportion of registrants and non-registrants having cervical
smears over the follow up period 21/11/85 to 31/8/88 In rural and urban
electorates.
Registrants by agegroup (years)
Allaaes
<40
40+
Rural Urban Rural Urban Rurar Urban
Number
Proportion
Number in group

t
*

Non-reg.r
total
Rural
Urban

42
0.75

61
0.78

31
0.78

63
0.68

73
0.75

124
0.73

59
0.26

150
0.29

56

78

40

92

97

170

223

522

Non-registrants and Includes 21 women who could not be excluded from
those invited to join the programme.
Includes one registrant for whom age was unknown.
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Among allwomen under40 years of agewho had a smear in the follow up period,
registration was less likelyin urban electorates. While few differences in the screened proportion
between urbanand rural electorates existed, there was a higher screened proportion among rural
registrants than urban registrants over 40 years of age. This was mainly dueto a higher screened
proportion among registrants 40 or more years of age in the Clutha electorate within the firsttwelve
months of the invitation being sent.
Of the 197 registrants who had at leastone smear in the follow up period, 13women

received cytological reports of inflammation, 1 of wartvirus, 4 of atypia, 2 of dysplasia and 1 of
carcinoma in situ. The follow up of all abnormalities detected during the follow up period was
satisfactory. The women whose smears were reported withdysplasia and carcinoma in situ
underwent biopsy: the histological diagnosis was carcinoma in situ in two cases and dysplasia in
one. One registrant hada cervical smear taken 3 days before her invitation being sent: this was
reported as dysplasia and subsequent biopsy revealed carcinoma in situ of the cervix. This was not
considered to be an abnormality detected by the pilot study. The history of the cervical cytology of
the registrants with carcinoma in situis worth mentioning. Two of these women haddysplasia
reported on cervical smears taken in December 1981 and September 1983, respectively. A repeat
smear in three months was recommended in both reports. Nofurther abnormal smears were
recorded untilthe most recent smearleading up to biopsy. It is notknown if any normal cervical
cytology reports were processed in the intervening period.
Several difficulties were experienced during the follow up of the cervical cytology of
registrants. Two smears taken at the same timewith the useof the spatula and the cytobrush are
sometimes part of a single screening procedure. Since the laboratory kepta file of reports requiring
comments separate fromthosewith no comments other than an absence of any abnormality, if only
one report had comments the two reports of the screening procedure were kept separately in these
files. Incompleteness of the patient identifying information on the cytology request forms was the
mostimportant difficulty encountered. The request form asked for: an initial, surname, date of birth,
sex (redundant in this case) and address of the patient. Usually the doctor would write the name by
which the person was called in full, or an abbreviation. This was usually the person's firstname. The
doctor's writing was sometimes completely, or almost completely, illegible. Some similar sounding
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names have several different spellings and weremore likely to be misspelt. Thiswas a bigger
problem where different spellings were not alphabetically adjacent to each other. The most useful
item. providing some details of the name werecomplete. wasthe dateof birth. Sometimes
however. the date of birth was replaced by the current dateor thewoman's age. The address of a
person was oftenthe most illegible andwas sometimes replaced by a code number (fora
computerized age-sex register) from the doctor's practice.
Manually checking the monthly alphabetically arranged copies of the cytology reports kept
in the private laboratory withthe master list of women registered withthe screening programme
required about one anda halfdaysa month. The cytology results of registrants were placed on a
microcomputer file. As errors could be made occasionally, a double check of abnormal reports was
made by using the on-going file of abnormal cervical cytology reports kept in the laboratory.
In the hospital laboratory, the cervical cytology forms were combined alphabetically with all
cytological reports, but an alphabetical file of abnormal cervical cytology results was kept separately.
This file recorded the results of all previous abnormal smears processed by the private andpublic
hospital laboratories andthe results of colposcopic examination andbiopsies performed by the
public hospital service. Hysterectomy as a treatment outcome wasable to betraced through the
pathology service records. The altemative of using the hospital admission anddischarge record
system was not used. Cervical biopsy and hysterectomy in private practice were traced through the
pathology services provided by the private laboratory.
6.3.3.

Evaluation of the pilot study by telephone Interviews
Only 6 non-registrants (7%) said they had not received the letter of invitation. Oneperson

claimed notto have heard of the cervical smear test. Six percentof the women interviewed stated
thatthe letterwas difficult to understand and4.6% said they did notunderstand some aspect of the
invitation. A few women could not understand why they were chosen to receive the invitation.
Four (8%) of registrants and 25 (28.7%) of non-registrants reported thatthey had had a
hysterectomy. 22% of the women interviewed. Table 6.6 shows the registration status by type of
hysterectomy reported by these women. Of the 5 women whostated thatthey had had a sub-total
hysterectomy. 4 were lessthan 65 years of age.
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Table 6.6.

Stated hysterectomy type by registration.
Total
hyst.·

Non-registrants
Reaistrants
Combined

12
(48%)
1
13
(45%)

Subtotal
hvst.

Vaginal
hyst.

Don't
know

Total
(percent)

2
(8%)
3

2
(8%)

9
(36%)

5

2
(7%)

9
(31%)

25
(100%)
4
29
(100%)

(17%)

• hyst. - hysterectomy
In the following comparisons between registrants and non-registrants, the five women
interviewed who reported that they had had a subtotal hysterectomy were excluded, except for the
assessment of demographic differences, smoking history and the dependents cared for in the
home. This was necessary because many questions in the questionnaire were not asked of women
who had had a hysterectomy.
6.3.3.1. Attitudes to the invitation

The combined response of non-registrants and registrants to this section of the interview
are summarized in table 6.7.
Table 6.7. Assessment of the attitudes to the invitation for registrants and nonregistrants.
Statement
More likely to join programme if
lettersigned by a doctor.
More likely to join if lettersigned
by own general practitioner.
A hindrance to joining the
programme·
Were prepared to fill in all personal
information asked for on
registration form.
Request for signature not a
deterrent to returning form.

•

t

ttt

Non-rea.

Rea.

Total

8 (14%)

5 (11%)

13 (13%)

18 (33%)

10 (22%)

28 (28%)

22 (39%)

5 (11%)

27 (27%)

46 (84%)

45(100%)

91 (91%)

54 (96%)

44 (96%)

98 (96%)

t
ttt

See table 6.8.
Weak indication (p« 0.15) that this statement was more likely to apply to non-registrants.
Significantly more likely to apply to non-registrants (p« 0.05).
Some indication that this statement was less applicable to non-registrants (p-c 0.10).
All non-registrants interviewed knew they had not registered with the programme, but 4

registrants thought they had not registered. No increase in registration could be expected if the
letterof invitation hadbeensigned by a doctor. There was some weak indication that registration
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might havebeen more likely if the letter had beensigned by a woman's own doctor. Significantly
more non-registrants stated that they were hindered from joiningthe programme. The responses to
an openquestion about the aspects that hindered participation are given in table 6.8. The
responses are collated undersummary headings.
Table 6.8. Obstacles to joining the screening programme stated by nonregistrants.

Categories
Personal
Didn't want to
Own circumstances
Preferred not to join
Didn't feel like it: other problems
Doctors
Doctor said a smearnot needed at present so didn'tjoin
Didn't want to go to own doctor
Doctor said it was not necessary
Age!frequency of smears! not at risk
Aged 76 years and not at risk
Didn't think it applied to her
Six-monthly smears at present
Thought that if had had a test in the lastyearit was not
necessary to return the form
Confidentiality
Hadthe impression that the files were not as confidential as
we said
Fear!no wish to be reminded
Scared stiff
Doesn't want to be reminded about cancer of the cervix
regularly
Clinic or hospital
Has smeartests at her general practitioner's practice: thought
it meant coming to the medical school
Thought it was a hospital programme and had to attend a
clinic at the hospital
Time!Christmas! Visitors
Too busy before Christmas
Away on holiday
Busy at the time: working and visitors
Too nearChristmas
General business and an influx of family
No obstacle stated
Total

Total
number

4 (7%)

3 (5%)

4 (7%)
1 (2%)

2 (4%)

2 (4%)

5 (9%)
35 (62%)
56(100%)

Seven per cent of non-registrants said that theywere not prepared to fill in allthe personal
information askedfor on the registration form, but the request for a signature on the registration
form was not mentioned as a deterrent to registration.
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6.3.3.2. Demographic differences associated with registration

The differences between non-registrants and registrants are given in
table 6.9.
Table 6.9. Summary of the differences between non-registrants and registrants
Interviewed.

Characteristics

pemography
Forty or more years of age
Lowersocioeconomic status (by husband, or past husband's
occupation
Lowersocioeconomic status for working women by woman's
occupation
Separated, widowed, or divorced
Perceived susceptibility to cervical cancer
Could get cervical cancer some time in their life
Do not know anyone who has had had an abnormal smear
Have never had a cervical smear
Current smokers
For current smokers: consumption <20 a day
Ex-smokers
Have had at least two smears with the second to lastsmear
1 to 3 years ago
Health service and screening barriers
Have been a patient in a public hospital in NewZealand
Own transport not available most days
Care for dependents in the home
Care for schoolchildren
Have everasked a doctoror a nurse for a smear test
Prefer the doctortaking the smear to be a woman
Prefer a nurse to take the smear
Have a male doctor
Consider themselves to be busy
Would be less likely to have a smear if they received an
appointment time
Feel some embarrassment having a smear:
including women who have neverhad a smear
excluding women who have neverhad a smear
* t(-)

tt (--)
ttt (- --)

Age group
(years)

Degree and
direction of
difference*

tt
t
t
tt

All
<40 years
All
All
40+ years
60+ years
40+ years
All
<40 years
40+ years

t+t
t
ttt
ttt
ttt

<40years

tt

40-59 years
40+ years
All
35-44 years
<40 years
All
40-59 years
All
<40 years

t
ttt
t
ttt
--

All

ttt

---

ttt
-

<60 years
40-59 years

---

Weak suggestion that non-registrants were more (less) likely (p« 0.15) than
registrants to agree with this statement or possess this characteristic.
Some indication that non-registrants were more (less) likely (p< 0.01) than
registrants to agree with this statement or possess this characteristic.
Non-registrants were significantly more (less) likely (p< 0.05) than registrants to
agree with this statement or possess this characteristic.

There was some indication that non-registration was more likely with increasing age. No
difference in the educational level attained on leaving school was detected between registrants and
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non-registrants. Separated, widowed, or divorced women appeared lesslikely to register withthe
screening programme.
6.3.3.3. Perceived susceptibility to cervical cancer

The differences between registrants and non-registrants with regard to factors that might
affect susceptibility to cervical cancer are presented in table 6.9. The overall response to the
questions about screening history are given in table 6.10.
Table 6.10. Response to questions on screening history: numbers and
percentages.
Statement

Non-reolstrants

Reqistrants

Total

Had a smear in response to the letter
Yearof last (previous) smear:
last year (year before invitation)
2 to 3 years ago
4 to 5 years ago
more than 5 years ago
never hada smear

18
11
1
15
7

Total

54{100%)

63(100%)

117(100%)

Time since second to last smear for
women who have had at least one:
lessthanor equal to 3 years
greater than 3 years
never

18 (38%)
19 (41%)
10 (21%)

12 (28%)
20 (46%)
11 (26%)

30 (33%)
39 (44%)
21 (23%)

Total

47l100%}

43(100%}

90(100%)

Time between lasttwo smears for
women who have hadat leasttwo
smears (70.4% of those interviewed):
1 to 3 years
3 to 5 years
more than 5 years

22 (60%)
9 (24%)
6 (16%)

17 (53%)
8 (25%)
7 (22%)

39 (56%)
17 (25%)
13 (19%)

Total

37(100%)

32(100%)

69(100%)

2 (4%)
(35%)
(21%)
(2%)
(29%)
(13%)

17 (39%)

19 (19%)

19
11
4
10
2

37
22
5
25
9

(41%)
(24%)
(9%)
(22%)
(4%)

(38%)
(22%)
(5%)
(26%)
(9%)

Fewwomen, 5.3%, thought cancer of the cervix is a rare disease and 34.3% knew
someone who had had an abnormal smear. Of all the women interviewed, 78.4% thought they
could get cancer of the cervix some time in their life. Non-registrants, 40 or more years of age, were
significantly more likely to thinkthey were at risk. Significantly more registrants stated thatthey had
hada cervical smear in response to the invitation. Women who had never had a cervical smear
appeared more likely to be non-registrants. Of all the women interviewed, 9.1% had never had a
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smear and 25.5% hadhadone more than 5 years ago. Of those women who hadhada smear.
23.3% hadnot hadtwo cervical smears. Among women who hadhada smear. there was a
suggestion of a subgroup who had not had a smear for more than5 years. Among women less than
40 years of age who had hadat leasttwo cervical smears. non-registrants appeared to be more likely
to have hadtheir second to last smearwithin the lastthree years. Of all non-registrants interviewed.
34.6% had had at least two cervical smears within the last three years.
Among the women aged 30 or olderwho were interviewed. 34.6% reported having had
their lasttwo smears 3 or lessyears apart and for 20.5% the time period was more than3 and up to 5
years. Forwomen 30 to 39 years of age. 26.0% reported having either had no smear. only one
smear. or more than 5 years between their lasttwo cervical smears. Forwomen 40to 59 years of
age, the percentage was 32.4% and for women aged 60 or more years, 94.4%.
Non-registrants were significantly more likely to smoke cigarettes, particularly if between 40
and 59 years of age. Among women 40 or more years of age, non-registrants were significantly
more likelyto be ex-smokers. Adjustment for socioeconomic status or educational level achieved
on leaving school concurrently with age made littledifference to these results. However. among
smokers lessthan40 years of age, registrants were significantly more likely to be the heavier
consumers of cigarettes.
6.3.3.4. Health service barriers to screening

Differences between registrants and non-registrants are presented in table 6.9. The overall
response to the questions. from registrants and non-registrants, that could be considered under
this section are presented in table 6.11.
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Table 6.11.

Overall responses of women Interviewed to health service questions.

Response
Where women stated they would go for a smear test:
general practitioner
family planning clinic
private gynaecologist
hospital
combinations of the above
did not know
Statement:
Would preferto use special women's health clinic
Last visited a doctorin NZ less than 16 months before
interview
Have been a patient in a public hospital in NZ
Have been in a public hospital within the last 5 years
Woman's doctor was a man
Doctor or nurse hasoffered woman a cervical smear
Have never asked a doctor or nurse for a smear
Thought doctorwould be happy to givethem a smear if
they asked
Thinkthe smeartest should be free"
Expect to pay more than $7.50 for a smear
Prefer doctortaking smear to be a woman
Doctor has a practice nurse whotakes smear testst
Would prefernurse to take smear
Planning to have a smear difficult
Having a smearwould be embarrassing
Think receiving an appointment time to have a smear would
make them more likely to have one
t

Number (%)
86 (84%)
5 ( 5%)
5 ( 5%)
1 ( 1%)
3 ( 3%)
2( 2%)

45 (45%)
95 (92%)
88 (86%)
44 (43%)
95 (93%)
53 (66%)
39 (49%)
93 (91%)
27 (39%)
71 (83%)
38 (35%)
14 (14%)
26 (24%)
11 (11%)
42 (41%)
89 (90%)

answers to this question sometimes Incomplete
29% stated they did not know
Of the women interviewed, 85.5% said theyhad been a patient in a public hospital in New

Zealand and for 51.2% of this group (43% overall) theiradmission was within the last5 years.
Ninety-two per cent of the women interviewed had been to a doctor within the 16 months priorto
interview. Mostwomen would go to their general practitioner for their smear, although 45%stated
that they would preferto use special women's health clinics if they were available. Twenty-four per
cent stated they would prefer a nurse to taketheir smear and35%, in a separate question,
expressed a preference for their smearto be taken by a female doctor rather than no preference.
Nearly halfof the women said they had never asked a doctor or a nurse for a smear but most thought
theirdoctorwould be happy to take a smear for themif they asked. Two-thirds of the women stated
they had hada smearoffered to them by a doctor or a nurse.
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Significantly more registrants had a female doctor. All non-registrants had maledoctors.
Non-registrants appeared to be less likelyto prefera female doctor to take their smear, compared to
expressing no preference, particularly in the oldest age group. Of the women interviewed who
preferred a female doctorto take their smears, 5 of the 12 said that having a maledoctorwould stop
them from asking for a cervical smear. Therewas some indication that non-registrants, between 40
and 59 yearof age, were less likelyto prefera nurse to taketheir smear.
There was a weakindication that non-registrants were more likely to have been a patient in a
public hospital in NewZealand.
A decreased availability of their own transport was significantly more likelyamong nonregistrants for women 40 or more year of age. The care of schoolchildren was also significantly
associated with non-registration among women aged 35 to 44 years. Non-registrants were
significantly more likely to feel that the receipt of an appointment timewould makethem less likely to
have a cervical smear, though 83% of non-registrants felt that receiving an appointment time would
makethem more likely to register with the programme. There was some indication that younger
non-registrants were less likely to say they wouldfeel embarrassment when having a smear taken.
Thirty-nine per cent of the women interviewed thought a cervical smearshould be free to
them, while only 7% actually expected that having a smear would be free.
6.3.3.5. The non-registrants haying had smears infreQuently

From the above, an assessment of the 74% of women invited who did not register with the
programme was made. About 26.4% (197 non-registrants: 95%confidence interval 135to 275)
could be expected to havehad their cervix surgically removed by hysterectomy. A further38.2%
may be expected to have hadtheir second to lastcervical smear within the last3 years and there was
an indication that this was associated with non-registration among younger women. Therefore
about340 non-registrants, with a wide margin for errorabout this value, can be considered to be the
most important targetgroup missed by the screening programme.
The following is an analysis of the non-registrants who reported that they had hadtheir
second to last cervical smearwithinthe three years priorto interview with thosewho stated thatthey
had either, hadtheir second to last smearmorethan 3 years before the interview, only one smear, or
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never hada smear. The second to lastsmear wastaken as a reference for comparisons because the
invitation mayhaveinfluenced the time of the last smear among the non-registrants. This is
therefore a comparison of non-registrants who reported having hadsmears more frequently with
those who reported having had smears lessfrequently in thethreeyears priorto interview.
Non-registrants who were being followed up for previous abnormal cervical cytology would
be expected to be among the first group. Non-registrants who reported infrequent smear tests
were significantly more likely to be aged 40 or more years of age than those reporting more frequent
tests. An adjustment for age using the two age groups: 20 to 39 years of age and 40 or more years
of agewas made in studying the othervariables. Table 6.12 summarizes the differences found
between the two groups. Mostof the variables that were important in distinguishing the two groups
of non-registrants were related to contact with the health services.
Table 6.12. Summary of the differences between the non-registrants who stated
that they had had, and had not had, their second to last cervical smear within the
three years prior to interview.

*

Characteristics

Age group
(years)

Degree and
direction of
difference*

Possessed any qualifications on leaving school
Cared for dependents in their home
Would be more likelyto join the programme if the letterwere
signed by theirowngeneral practitioner
Would go to the family planning clinic rather thantheirgeneral
practitioner for a smear
Would preferto go to a special women's health clinic, if it were
available, fora smear
Notto state or knowwhether their general practitioner has a
practice nurse who takes smears
Never asked a doctor or nurse for a cervical smear
Less likely to state their doctorsends them a reminder when
their next smear is due
Less likely to have been a patient in a public hospital in the 5
years priorto interview
More likely to have been an ex-smoker
Notto know anyone who has hadan abnormal smear

All
40+ years

ttt
-

t<-)

tt
ttt

<40years
<40years
All
40+ years
40+ years
40+years
40+ years
<40years
All

tt
ttt
ttt
ttt
ttt
tt
tt
ttt

Weak suqqestlon that non-registrants who reported haVing had less frequent
smear tests were more (less) likely (p< 0.15) to agree withthis statement or
possess this characteristic.
Some indication that non-registrants who reported having had lessfrequent
smear testswere more likely (p-e 0.01) to agree withthis statement or possess this
characteristic.
Non-registrants who reported having had less frequent smear tests were
significantly more likely(p« 0.05) to agree withthis statement or possess this
characteristic.
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Whether the 57 non-registrants interviewed had a smear in the follow up period was
recorded. This allowed for a small select cohort of non-registrants to be followed. Among the 46
non-registrants interviewed who saidthey had hadat least two smears, those women whose
second to last smear was priorto threeyears before the invitation were significantly less likely to
have had a smear in the follow up period. Thatis, among non-registrants in each age group, saying
that they had not had a second to last smear within the three years before the invitation was a
predictor of not being screened in the follow up period. Table 6.13presents the same statements
as table 6.12 and indicates whether theywere associated with having a smear in the follow up
period.
Table 6.13. Summary of the differences between the non-registrants who did,
and did not, have a cervical smear during the 33 months of follow up.
Characteristics**

Possessed any qualifications on leaving school
Cared for dependents in their home
Would be more likely to join the programme if the letter
were signed by their owngeneral practitioner
Would go to the family planning clinic rather thantheir
general practitioner for a smear
Would prefer to go to a special women's health clinic, if it
were available, for a smear
Not to state or know whether their general practitioner
hasa practice nurse who takes smears
Never asked a doctor or nurse for a cervical smear
Less likelyto state theirdoctor sends them a reminder
when their nextsmear is due
Less likely to have been a patient in a public hospital in
the 5 years priorto interview
More likely to have been an ex-smoker
Notto know anyone who has hadan abnormal smear
*

Age group
(years)

Degree and
direction of
difference*

40+years

--

All
40+ years

ttt
ttt

All
40+ years

tt
tt

t

Weaksuggestion that non-registrants who did not have a smear dunng the follow
up period were more likely(p< 0.15) to agree withthis statement or possess this
characteristic.
tt (- -) Some indication that non-registrants who did not have a smear during the follow
up period were more (less) likely (pc 0.01) to agree withthis statement or
possess this characteristic.
ttt Non-registrants who did not have a smear during the follow up period were more
likely (p« 0.05) to agree with this statement or possess this characteristic.
** The same list of characteristics as listed in table 6.12 hasbeen given
(only differences represented by pe 0.15 are indicated).
Non-registrants who reported having had lessfrequent smear tests in the three years prior
to the interview were significantly more likelyto have had some qualification when they left school
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(see table 6.12). More qualifications when leaving school was not associated with having a follow up
smear but having beenin form 5 or more when leaving school was associated wUh nothaving a
follow up smear. Significantly more of those who reported having had lessfrequent smear tests did
notknow anyone who hadhadan abnormal smear. Non-registrants nothaving a follow up smear
also reported not knowing anyone who had had an abnormal smear significantly more often.
Younger non-registrants who reported having had less frequent smear tests appeared more likelyto
be ex-smokers of cigarettes rather than non-smokers. This relationship was corroborated by follow
up and extended to include women 40 or more years of age. Among non-registrants 40 or more
years of age, those reporting having had lessfrequent smear tests were significantly more likelyto
state that they had never asked a doctor or nurse for a smear. This wasborne out during the follow
up period. Among non-registrants 40 or more years of age, those reporting having had less
frequent smeartests were significantly less likely to state or know whether their general practitioner
hada practice nurse whotakes smears. Again this association wasconfirmed by follow up. Among
non-registrants 40 or more years of age, those reporting having had lessfrequent smear tests were
significantly less likelyto report that theirdoctor sends them a reminder when theirnextsmear is
due. This association was not present for the follow up of these non-registrants. Non-registrants
reporting having had lessfrequent smear testswere significantly more likely to prefer to go to a
special women's health clinic for a smear. This preference was not associated with whether these
women had a smear in the follow up period. There was some indication that non-registrants under
40 years of agewho reported having lessfrequent smear tests would be more likely to go to the
family planning clinic, rather thantheirgeneral practitioner, for a smear. The great majority would still
go to their general practitioner however. Again these preferences were not associated with
whether these women had a smear in the follow up period. There was also some indication that, for
non-registrants under40 years of age, those who had more frequent smears might have been more
likely to join the programme if the letterhadbeen signed by theirgeneral practitioner. Thiswas not
associated with having a smear in the follow up period. Among non-registrants 40 or more years old,
there was an indication that those reporting lessfrequent smears were lesslikely to have been a
patient in a public hospital in NewZealand within the 5 years prior to interview. No association
between having been a patient in a public hospital within the five years priorto interview and having
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a smear in the follow up period was found. Non-registrants 40 or more years of agewho either
reported lessfrequent smears or did not have a smear in the follow up period appeared to be less
likelyto be caring for dependents in their home. Women not caring for dependents in the home
might have been either living alone or older women whose children had left home.
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6.4. Discussion
Many aspects of cervical screening in New Zealand have been tested by this pilot study.
Apart from the samples of registrants and non-registrants interviewed, assessment of the pilot
study's effect on screening was difficult because the characteristics, otherthan age, of women
currently having or not having, smears processed, or those within and outside the current screening
guidelines, was not known. Thebarriers to everhaving a smear areoften different from the barriers
to recalling women for repeat smears (Eardley et al. 1985). With most women in New Zealand having
had at least one smear, it is thebarriers to recall and follow upthatare probably more important in
improving the cervical screening service. Therefore, a woman's previous experiences of having a
smear become more important and greater emphasis must be placed on the organization of cervical
screening (Hakama et al. 1985). Even withthe screening programme, the estimated overall
screening proportion of the women invited to participate was 40.1 % (proportion who had at least
one screening procedure in the 33 months of follow up),this was about 54%of approximately 760
women at risk in the population invited to participate. Adjusted to an annual timescale thiswas lower
than an estimated level of smear taking activity in Western Australia (Arrnstrong et al. 1986b). The
study suggested that follow up of abnormal smears maynot have been sufficient in the past and this
requires audit and improvement. It has also shown thatconsiderable improvement is required in the
delivery of cervical screening services to women if we areto reduce the anticipated epidemic of
cervical cancer mortality.
The interpretation of the responses to the telephone interviews of the sample of registrants
and non-registrants must be treated with some caution because of the relatively small sample sizes
for comparison of the two groups and the unknown characteristics of the proportion of nonregistrants who could be classified as non-responders or did not have a traceable telephone
number. Also, adjustment for age in the analysis of individual variables was relatively coarse, and
therefore only partial, while adjustment of anyother factors concurrently with age was rarely
possible. However, some consistency with the results of otherstudies of the participation in cervical
screening programmes was achieved.
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Numerous problems were encountered. The electoral rolls, while incomplete, were the
mostdetailed listing of each individual in the population. Without including women whose
invitations were returned by the Post Office, at least 7%of women in the area were uninvited.
Women maybe less likely to be listed on the electoral rolls in areas of relative socioeconomic
disadvantage. The identification of the genderof people listed was rarely difficult. However, the
rolls were restricted in the ability to identify the target population for cervical screening because they
do not identify an individual's age, agegroup, or hysterectomy status. It wasalsodifficult to trace
non-registrants overa period of time using the electoral rolls. As well asthose not on the rolls, some
people are listed onlyintermittently. The deficiencies of the British electoral rolls as a listing of the
target population for screening programmes have been outlined (Chamberlain 1987).
The pilot study was unable to include arrangements for making appointments to have a
smear for women invited and did notprovide choices of venues and circumstances where a smear
could be taken. Therefore the invitation sentdid not contain twoof the main advantages of a
personal invitation format in overcoming the barriers of recalling women to have a smear (Eardley et

et; 1985).

It was an attempt, however, to introduce some aspects of the successful Scandinavian

programmes (ICRF Coordinating Committee on Cervical Screening 1984) into the existing New
Zealand health service structure.
From the enquiries received whenthe invitations were sent out and the number of women
who did not know whether their cervix had been removed by hysterectomy, many enquiries were
probably made to doctors from women receiving the invitation about theirpost-hysterectomy
cervical status. This may have been a nuisance to some doctors. This problem arises from the
difficulty in identifying the target population in detail. Theconfusion created by specifically trying to
caterfor women who have had a hysterectomy mayhave been greater thanthe expected benefit.
The age distribution of registrants andof those registrants who had a smear in the follow up
period wasverysimilar (see figure 6.3). Thiswasbecause of the similar age-specific proportion of
registrants who had a smear in the follow up period (see table 6.3). The agedistribution of nonregistrants who hadsmears in the same follow up period wassimilar to thatfound in the population
of Auckland (Jones et al. 1988). The agedistribution of registrants whohad a smear in the follow up
period was closer to that of the areapopulation thanthe non-registrants who had smears. The
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recognized importance of the ages of women being screened on the effectiveness of cervical
screening (World Health Organisation 1986a; Hakama et al. 1985) suggests thatthe screening
programme piloted would have a bigger influence on future cervical cancer mortality thanthe low
proportion who registered might initially suggest. The pilotstudy seemed to gainthe best response
from women who had hadat least one cervical smear some years priorto the invitation butwhowere
outside current screening gUidelines. These olderwomen are not likely to visittheirdoctor for
pregnancy or contraceptive advice. If the prevalence rate of carcinoma in situ detected among the
registrants could be extrapolated to the areapopulation at risk, then about 324women in the area
could be expected to have detectable carcinoma in situ. Assuming a mean time of progression to
invasive disease of 15 years, 80% sensitivity of the screening procedure and20% regressing to
normal during thistime, a speculated average incidence of about 14 women with invasive disease
per yearfromthese women mayoccur if they remain undetected. A fewwomen will also develop
cervical cancer whodo not at present have any severe cervical abnormalities. The average
incidence hasbeen 15women developing invasive cervical cancer peryearin the O1ago area
(Appendix A). However, this calculation is too simplistic and inaccurate but is included to illustrate
part of the relationship between the characteristics of the screening procedure, the prevalence of
carcinoma in situ andthe future incidence of cervical cancer.
The screening history of two of the three registrants who have hadcarcinoma in situ of the
cervix detected suggests, as has a Christchurch study (MacLean et al. 1985), thatthe follow up of
abnormal smears might have been deficient in New Zealand. The advantages of organizational
procedures, through regional or national screening registers, were recognized to be important long
ago in NewZealand (MarshaIl1962a; Mclndoe 1964; Stevenson 1968) andareonlynow being
seriously considered again.
A lowerresponse to the recall of previously screened women thanthe response to a
programme initiating the first smear is often experienced by screening programmes and assessing
recall requires identifying women ineligible because they have moved out of the area or for medical
reasons (Eardley et al. 1985). Therefore, the assessment of recall requires a detailed listing of the
target population. Forthe study, some form of assessment waspossible from the results of the
interview sample. If the prevalence rate of hysterectomy for all non-registrants wasthatof the non-
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registrants interviewed, the 26.7% of women invited who registered would represent about 33% of
the women invited who had not had theircervices surgically removed. It is notknown howmany
invitations failed to reach the women sent invitations. Theproximity of Christmas to thetime of the
yearwhen the invitations were sentprobably decreased the participation by a small amount. For

.

recall by personal invitation, age and social class are considered to be lessof a barrier and the
previous experience of having a smear becomes more important (Eardley et al. 1985). In the pilot
study socioeconomic status appeared to be only slightly associated with non-registration, if at all.
This result is likely, however. to be influenced by the proportion of non-registrants who either did
not have traceable telephone numbers or did not respond to the lntervlew,
The overall proportion of women invited who registered was consistent with the level of
participation achieved by other mass population cervical screening programmes in New Zealand
(Mclndoe 1964; Baeyertz 1965; Stevenson 1968). However. these studies were concerned with
the introduction of cervical screening in unscreened populations and not with the recall of women
into a screening programme who have hada previous smear. These programmes also involved
greater publicity andwere supported by many general practitioners. More recently. a health
promotion initiative in general practice to improve the numbers of women having cervlcal smears was
found to be too dependent on the enthusiasm of individual doctors and their stafftowards the
exercise. The improvement in the numbers of women being screened was therefore patchy and
difficult to sustain (Adams 1986). The dependence of programmes in general practice on the
enthusiasm of the individual doctors and their practice teams (Moodie 1986; Reid 1986) appears to
be a drawback to leaving cervical screening solely in the hands of individual doctors (Jones et al.
1988). Several thousand doctors andtheir teams with different screening systems of differing
levels of quality does not appear to be ideal. Doctors need considerable centralized organizational
support if cervical screening of an acceptable standard and uniform availability is to be provided to
women in NewZealand. I support the recommendation thatthe Royal College of General
Practitioners practice organization committee should review the organization of preventive medicine
in general practice (St. George 1985). Not all doctors canbe expected to respond with enthusiasm
to the work required to operate a screening system of sufficient quality in their practices to produce
a reduction in the anticipated mortality from cervical cancer.
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Despite the active support of manygeneral practitioners andthe importance theirconcerns
were given in the planning stages, the pilot study found evidence that some doctors actively
hindered, or were indifferent to, the screening programme's initiative. For some non-registrants
interviewed, and some of those with more infrequent smears in particular, the health service
provided through their doctors might not have been receptive enough for them to have smears
regularly. These women were more likely to have hadqualifications, school certificate or university
entrance, when they left school and can not be considered to be less educated, but perhaps more
discerning. While those non-registrants having less frequent smears might be considered to be
less likely to state or know whether their doctor has a practice nurse who takes cervical smears
because they havenot had a smear taken recently, that would not explain their preference for
special women's health clinics for theircervical screening needs. As in Britain (Eardley et al. 1985)
andAustralia (Lumsden et al. 1986), the desire for female personnel to taketheir smears anda
choice of facilities to go to, also appeared important for some women. Moreover, the pilotstudy, as
in Australia, suggested that a failure to provide these resources mayhave prevented some women
from being adequately screened. Satisfying these needs for this group of women appears to be a
change that might improve cervical screening services in New Zealand. The service provided by
nurse practitioners and practice nurse clinics (Reid andAnyon 1987) may satisfy these needs for
many women but are unlikely to be universally available. Occasionally cervical screening has been
provided through occupational health services andthis approach appears to be able to reach some
women who have never hada cervical smear (Maslowski et al. 1981). In Western Australia (Lumsden
et al. 1986), a special cervical screening clinic in Perth was used most extensively by women from 35
to 64 years of age.
The apparent lowerproportion of women registering in the urban electorates compared to
the rural electorates maybe due, in part at least, to different age structures of the electoral
groupings. The younger population of women that may be expected in the Dunedin North
electorate in association with the University of Otago or living in the cityfor other reasons may cause
a small distortion in this urban to rural comparison. However, many university students would be
enroled in electorates outside of the Otago region.
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As occurs in most screening programmes (Eardley et al. 1985), married, widowed and
divorced women appeared to be lesslikely to register withthe screening programme. Care of
dependents in the home, particularly schoolchildren, and the intermittent availability of personal
transport were associated with non-registration butdid notseem to be determinants of the
screening history of non-registrants during the follow up period. These variables mayhave been
important in determining participation in the programme atthetime of the invitation but overa longer
time period, when more discretion overtheirtime use is available, women may still manage to have
smears taken if encouragement is given. Finding thetime for a smear, fearof the result and
embarrassment are important factors in discouraging women to have smears (Brebner et al. 1985).
Some of the enquiries received by the programme when the invitations were sent out
specifically asked about the cost of having a smear taken. Ofthewomen interviewed in the
evaluation, non-registrants were not found to be significantly more likely thanregistrants to saythey
thought having a smear should be free. Also, thewomen interviewed whodid not have a smear in
the follow up period were notfound to be significantly more likely to consider that having a smear
should be freethan women who had a smear in thefollow up period.. However, the evaluation
interviews were unable to examine this potential barrier properly because of the relatively high
proportion of the interviews without an answer to these questions recorded. Therefore the results
of this question were considered to be unreliable. Again non-registrants whowere non-responders
or without traceable phone numbers may have also influenced the result.
The level of awareness about cervical cancer and smear tests was high. About a third of the
women interviewed said theyknew someone who had had anabnormal smear. While nonregistrants who perceived an increased riskof cervical cancer may have considered this to be a
consequence of theirnon-participation in the programme, it is unlikely. It may indicate a more
submissive, or fatalistic, approach to illness and disease among non-registrants or an inability of the
invitation to meet theirneeds. Those non-registrants perceiving a significantly increased riskof
cervical cancer compared to registrants were 40 or more years of age (see table 6.9) and less likely
to report smears taken. However, perception of general susceptibility did not appear to be a
determinant of an adequate screening history among the non-registrants interviewed. But,
knowledge of someone who had had an abnormal smear was an important determinant of whether
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non-registrants reported an adequate screening history in the three years before the invitation was
sent andwas possibly related to having a screening procedure in the follow up period.
The increased prevalence of current smoking and past smoking among non-registrants may
have been important in determining the screening history of the non-registrants interviewed. There
was a suggestion that among younger non-registrants pastsmoking was more likely to be
associated with not reporting having had a smear in the three years priorto the time the invitations
were sent (see table 6.12). However, among young smokers registration withthe programme was
associated with heavier cigarette consumption (see table 6.9). This maybe dueto the effect of
some younger women who had had recent cervical smears choosing not to register withthe
programme. Smoking may be associated with a lower response to manypreventive health
measures. Smoking appears to be associated with increased symptoms of depression and anxiety
andfinancial worries (Chetwynd 1986) which are likely to impede participation in a screening
programme.
As is suggested in the pilot study (see table 6.10), women who have never hada smear are
lesslikely to participate in a screening programme (Eardley et aJ. 1985). Some younger women
appeared notto register with the programme because they had hada recent smear. In this way
registering with the programme was inadvertently linked to the need to have a smear. Many
registrants also returned their registration forms afterwaiting to have theirsmear. This mayhave
significantly lowered the overall proportion of women invited who registered withthe programme.
The request for previous names on the registration form was not useful to the screening register for
the small number of registrants during the short follow up period. These are recommended items
for a registration system (Draper 1985) and maybe more important over a longer time period.
The low screening proportion of non-registrants suggests that many women in Otago,
particularly those 30 or more years of age, were notbeing adequately screened for cervical cancer.
With nearly halfof the women interviewed having never asked a doctor or nurse for a smear (see
table 6.11), active encouragement for women is essential.
There was onlya small indication fromthe interviews that registration would have been
increased if the letterof invitation hadbeen signed by a woman's own general practitioner. This may
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have been an underestimate of the effect that the general practitioner's signature on the letter,
thereby sanctioning the programme, would have hadon the programme (Moodie 1986).
Women visita doctor often in New Zealand (Grace 1985; see table 6.11) andat a relatively
constant rate for women under 55 years of ageafterwhich the contact rate increases (Davis 1986).
Also, employed women from middle to lowersocial classes aged 35to 54 years of age appear to
have lesscontact withgeneral practitioners thanwomen of other age groups within the same social
class (Davis 1986). Most women would go to theirdoctor for a smear but many would prefer a
special women's heahh clinic if it were available (see table 6.11). Fora significant minority of women,
a nurse or female doctor were preferred persons to taketheirsmear. Forsome women, having a
male doctor would prevent them from asking for a smear. This may be a contributing factor to the
level of embarrassment women feel towards vaginal examinations (Grace 1985). Women for whom
the gender of the person taking the smear was important appeared more likely to have participated
in the programme andallthe non-registrants interviewed had male doctors. InWestern Australia
(Armstrong et al. 1986b) female doctors appear to take twice as many smears as male doctors but
this observation was unable to be adjusted for the effects of the age andsexof the doctor's
patients. The preference for alternatives maybe a consequence of a need for a more reassuring
atmosphere or a woman's previous screening experience. Many women have hadunpleasant
vaginal examinations (Grace 1985; Broadmore et al. 1986). Spontaneous smears, witha lower level
of explanation of the purpose of a smear, in anopportunistic screening service are likely to make the
recall of women for subsequent smears more difficult thanspecifically organized cervical screening
contacts (Eardley et al. 1985).
The planning process of the pilot study onlypartially identified some of the problems
encountered. As the acceptance of the programme by general practitioners was considered
essential, more involvement of themwould probably have helped the overall success of the
programme but may have decreased the relative response fromwomen outside current screening
guidelines. An earlier cervical screening programme involved the registration of doctors intothe
programme, not women (Marshall1962b &1963). Fewgeneral practitioners have computerized
age-sex registers in New Zealand (Horsburgh et at. 1986) butthisis likely to increase and the
establishment of any administrative equivalent to the Family Practitioner Committees of Britain does
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not appear to be occurring here. Therefore, a better listing of the target population thanthe
electoral rolls is unavailable. The invitation did notidentify registration withthe programme as its
priority and for some it became linked to a recipient's perception of herneed for a smear. The
registers in Britain have difficulties achieving and maintaining a complete list of the target population
in an area. Regional registers have difficulty withthe migration of women to andfromthe region. It
hasbeen suggested thatthe complete electoral roll with the date of birthcould be made available
for some workwhich is in the public interest (North et al. 1984). Theelectoral roll might provide a
basis for a screening register if the dateof birth of individuals was also available to the screening
programme and mechanisms to update postal addresses were available.
The programme did not seekany advice about the marketing of the invitation and might
have had an improved response if the invitations hadnotbeen sent as close to Christmas. The
awareness of women to the desirability of regular cervical smears in 1989 is probably different
compared to 1985 because of the Cervical Cancer Inquiry (Cartwright 1988). Some of the
advantages of a personal invitation format for a recall programme were unable to be incorporated
intothe invitation. Women's organizations and groups may be more imaginative andeffective in
organizing screening programmes (Briant 1985) but are unproven. Anyincrease in the numbers of
registrants requiring follow up of theircytological history overtime would require changes to the
filing of the cervical cytology records in the laboratories and the appointment of some clerical staff to
increase the accuracy andaccessibility of the fileskept. If these aspects were improved, and a wider
choice of venues andcircumstances for having a smear were available to women, cervical screening
could be significantly improved in NewZealand by a screening programme similar to thepilot study.
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Chapter 7

The effectiveness, efficiencyand workforce
requirements of cervical screening
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7.1. Introduction
When deciding on a screening policy consideration of the costs involved is necessary.
Three methods of assessment are often used: cost-effectiveness analysis, cost-benefit analysis
andcost-utility analysis. Cost-effectiveness analysis measures the cost of a screening programme
for a given outcome against a reference screening programme. Usually, the outcome measure
used is livessaved, illness prevented or person-years of life saved (PVLS). Cost-benefit analysis
places a monetary value on both costs and benefits of a screening programme and is the preferred
method of assessing the economics of a programme when it is necessary to compare the
programme to other health care activities with different outcomes. However, it is often difficult to
value manyof the benefits of health care programmes, such as the suffering avoided or the change
in an individual's quality of life. Often cost-benefit analysis requires a monetary value to be placed
on a person's life or yearof life. In placing such a monetary value on life,disagreement on the social
values usedin constructing this dollarvalue can ensue. Cost-effectiveness analysis is also difficult
to interpret when improvements in both mortality and morbidity are achieved by a programme.
Discarding cost-effectiveness analysis in these circumstances has been advocated (Torrance
1986). Cost-utility analysis is an attempt to avoid some of these problems. Inthis method the
beneficial effect of a programme is measured by quality-adjusted life-years (QALY's) saved. This is a
weighting of the person-years of life saved by a valuation of the quality of the life achieved and
incorporates both a measure of mortality and morbidity in one index. However, this incorporates the
philosophy that all life-years are not of the same value. Where current practice incorporates this
philosophy, this concept is supported. For example, if olderpeople are not as likely as younger
people to be admitted to hospital aftera myocardial infarction, then medical practice, all otherthings
being equal, places a lowervalue on the lives of older people. This could be allowed for with the
measurement of QALY's but not if lives saved were the preferred measure of outcome. However,
including a set of valuations of the quality of life might systematically disadvantage some people
(Harris 1987). Furthermore, if quality of life assessments use age as a criterion when assessing the
quality of life, then multiplying this index by the person-years of life saved, unfairly adjusts for the
age of the onsetof an illness twice. This would produce an artificial bias against providing health
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care programmes for the elderly. Cost-benefit analysis can also be biased against the elderly,
children andwomen by valuing the increased production achieved from decreasing the morbidity
and mortality of those in paid employment.
In Great Britain, cervical screening appears to result in greater QALY'ssaved perunitcost
than many otherhealth programmes (Breast Cancer Screening Working Group 1987). Forexample,
the treatment of severe hypertension and neonatal intensive care appeared to provide a smaller
increase in QALY's saved per unitcost than a wellorganized cervical screening programme.
Mammographic screening for breast cancer and cervical screening appeared to provide about the
same QALY's saved per unit cost. Differences in the methodologies of the studies collated andthe
different health service structure and mortality andincidence rates of disease in NewZealand may
alterthe relative ranking of these health programmes, but, large changes inthe rank orderwould be
surprising.
However, this information is seldom available and approximations of different costs and
benefits have to be made. Enough epidemiological information is also required so thatthe outcome
of programmes can be measured, or estimated.
In NewZealand, only one analysis of the costperyear of lifesaved for cervical screening
underdifferent screening frequencies has been made. Bethwaite et al. (1986) used a seven stage
model of the natural history of cervical cancer and its precursors. Several criticisms have been made
of this study (Hicks and Edwards 1986). For example, the study used outdated estimates from
overseas of the incidence of cervical dysplasia, but revision of the analysis with newer estimates did
not materially alterthe conclusions (Bethwaite et al. 1987).
An analysis of a cervical screening policy canbe made using a mathematical model of the
natural history of the disease from at least one screen detectable state to invasive cancer and death
developed fromthe best empirical data available. Assumptions areoften required about the annual
probability of transitions between different disease states for different ages or durations in a given
state. Two methods of simulation of the natural history of the disease have been used.
First, a population can be divided into subgroups as combinations of age, marital status,
screening attendance and riskfactors. Thena probability transition matrix describing the chance of
a transfer between different states for a givensubgroup is applied successively at set time intervals.
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This Markov chain method has been used by Knox (1976), Yu et al. (1982) and Eddy (1980b). Thi1?
method is called macrosimulation.
Second, a population can be created with each individual being assigned certain
characteristics of age, disease state, marital status, screening attendance and riskfactors. At each
time interval, each individual is examined to determine whether any of these characteristics alter,
given estimated transition probabilities for an individual's combination of characteristics. This is
called microsimulation or the Monte Carlo method of simulation.
Parkin and Moss (1986) have developed this microsimulation approach to describe the
effects that different screening policies might have hadon cervical cancer incidence and mortality in
Great Britain. Parkin (1985) has suggested that this model simulates a randomized controlled trialof
different screening policies. Where possible, I have adapted this model to describe the effects
cervlcal screening may have in NewZealand. The aimhasbeen to assess the likely impact of current
screening practice compared to alternative cervical screening routines andthe relative cost in
achieving lives saved, cancers prevented and person-years of life saved. These three outcome
measures were chosen because no quality of life measures are available in NewZealand and to
overcome the difficulty of interpreting a cost-effectiveness analysis with a single outcome measure
that does notcombine mortality and morbidity. It is clear that lives are not saved by any preventive
action but only prolonged andthe term livessaved is limited in describing preventive action
(Miettinen 1985) and more weight has therefore been given to the person-years of life saved and
cancers prevented in this analysis. The range of costs and benefits included determines the
perspective of the cost-effectiveness study (Torrance 1986). In the following analysis, the net
economic cost to society relative to the net improvement in outcome, compared to not screening at
all, wasthe intended measure of the cost-effectiveness of any screening routine. The marginal
costs and benefits from changing from one screening routine to another were also assessed.
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7.2. Methods
7.2.1.

The model
The microsimulation method artificially created 100,000 females from age 0 to 99 years with

a setof chosen parameters in specified proportions. Theparameters chosen were; age, marital
status, parity, pathological state, duration in the current pathological state, the previous pathological
state, the time since the last cervical smear and when the next smear wasdue. It waseasiest to
leave parity in the model provide by Or Parkin as a characteristic of thewomen simulated when
translating the programme from the FORTRAN programming language (Parkin, personal
communication) to the PASCAL programming language. The resulting 2,500 linesof programme
took 2 hours to run on the Vax 8550 computer of the University of Otago to simulate a population of
100,000 individuals for a twenty-year period.
Each individual had herown setof parameters assigned to them. Absurd combinations of
parameters were avoided. Each of these parameters can be setat different levels which were
mutually exclusive (see table 7.1). The simulation programme compared a generated random
number with a determined probability estimate whenever a decision or assignment was required.
Table 7.1. The parameters of each women simulated.
Parameter
Age
Marital status
Parity
Pathological state or state
detected by screening

Values allowed

oto 99 by individual years.

Never married, married, preViously married.
Infertile, no children, onechild, two or more children.
Normal, dysplasia, carcinoma in situ, microinvasive cancer, invasive
cancer, positive on screening, hysterectomy, death from cervical
cancer and other deaths.
Previous pathological state Normal to hysterectomy.
Duration in state
The time, in years, spent in the present pathological state.
Time since last smear
The time, in years, since the last smear. Women without a previous
smear set at 10 years.
Years till next smear due
The number of years before the next smear is due. Set by the
screening routine.

Forthese 8 parameters the values for the starting population were setfrom 9 of the 16data
files required to support the simulation programme.
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7.2.2.

Assignment of the characteristics of the starting population

7.2.2.1. The choice of the population size
The population size was chosen to be big enough for the effects of the screening routines
to be noticeable on cervical cancer mortality and incidence rates, butwaslimited by the amount of
processing time needed to simulate the population for twenty years. Five different runs of the
programme were aggregated to create the outcome characteristics for 500,000 women and girls
underthe screening routines. The results of the five runs for each screening policy were then
averaged to reduce the effects of random variation in the outcomes measured.
7.2.2.2. The distribution of the age. marital status and paritY of the starting population
Age, marital status andparity wereassigned to the 100,000 females in proportions similar to
the New Zealand 1981 population census in the following way. The proportion of usually resident
females at individual ages from the census wasused to assign anage to each female record. The
number of women by marital status and number of liveborn children by five-year age groups was
also available (Department of Statistics 1981). Throughout this section the numbers of liveborn
children were equated with parity when parity was notspecified. As is standard practice, women
whodid not specify their marital status at the census were assumed to have been never married.
Married andseparated women werecombined to formthe married women category of marital status.
Those widowed or divorced were combined to formthe previously married category. These
assumptions were necessary to restrict the categories of marital status to the three given in table
7.1. Within each agegroup and marital status, where parity was notspecified on the census form,
the relative frequency of the different parities was considered the same asthose who stated their
parity. The proportion of women considered to be infertile from birth was setat 5% (Parkin, personal
communication). Again, married and separated women were combined, asweredivorced and
widowed women. Marital status and parity-specific numbers of women for each five-year age group
werethen interpolated by cubic spline methods to produce estimated marital status and parityspecific numbers of women in the NewZealand population for individual ages. This estimated
distribution of women by individual age, marital status andparity fromthe census was used to assign
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individual women of the simulation an age, marital status and parity sothatthe simulated starting
population was similar to the women in the 1981 NewZealand population census.
7.2.2.3. Estimatjng the prevalence of abnonnal pathological states for the starting
population
The simulation programme assigned each individual a pathological state; normal,
dysplasia, carcinoma in situ, microinvasive cervical cancer, invasive cervical cancer or previous
hysterectomy from estimates of the age-specific prevalence of these states. Nobody in the
starting population had an abnormality already detected by screening. No age-specific estimates
of the prevalence of any of the abnormal states in NewZealand were available. Therefore,
estimates of the current prevalence of the pathological states dysplasia to invasive cervical
cancer were estimated by the following method. The estimates of the prevalence for each of
these states in England and Wales for the 1961 to 1965 time period (Parkin 1985) were
adjusted. The ratio of the New Zealand cumulative incidence of invasive cervical cancer, from 0
to 69 years of age, for the 1962 to 1966time period to the cumulative incidence of invasive
cancer in England and Wales for the 1961 to 1965 timeperiod, overthe same age range, was
calculated. The ratio wasvery close to unity. Each age-specific prevalence was multiplied by this
ratio to adjust it to possible NewZealand rates. Then each age-specific prevalence was
multiplied by the ratio of a cohort effectcorresponding to that age group in 1981 over the
appropriate cohort effect corresponding to that age group in 1961. The cohort effects used
were taken from an age-period-cohort analysis of mortality from cervical cancer in New Zealand
similar to that in section 3.3.1.
The age-specific prevalence was then adjusted for the effects of screening in New Zealand
to 1982using estimates of the age-specific effect of screening in model 0 similar to those in
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table 4.4 of section 4.2.3.2. That is, the estimated New Zealand age-specific prevalence for the
pathological states of dysplasia to invasive cervical cancer for 1981 was,

NZ

Pi

= PiEW

ppw

where

=

0

CIR

0

CilCi

0

(1-5i),

the age-specific prevalence for England and Wales for the 1961

to 1965time period (Parkin 1985).
Cl R

=

the ratio of the cumulative incidence of cervical cancer in New

Zealand for the 1962to 1966time period overthe cumulative incidence
of cervical cancer in England andWales for the 1961 to 1965 time
period.
Ci ICi

=

the ratio of the mortality cohort effect of the i th age group for 1981

to the mortality cohort effect of the i th agegroup for 1961 in New
Zealand.
5i

=

the estimated reduction in the incidence of invasive cancer dueto

screening in the i th age group by 1982 with model D of section
4.2.3.2. Fordysplasia thiswas divided by two.
The effect of screening on the prevalence of dysplasia was arbitrarily taken to be halfthatof
carcinoma in situ, microinvasive andinvasive cervical cancer. This assumed that screening
produced a decline in the prevalence of carcinoma in situ dueto adequate treatment andthe effect
of treatment on the prevalence of dysplasia would be less thanthis. Onlywomen without positive
cytology were included in the starting population. That is. detection of dysplasia or carcinoma in situ
by previous screening would exclude them fromthe starting population usedin the simulation
programme.
The age-specific prevalence wasthenadjusted using parity and marital status-specific age
standardized prevalence ratios from Great Britain (Parkin et al. 1982; Parkin, personal
communication). Thiscreated an age, marital status and parity-specific prevalence for these states.
The estimated age-specific prevalence for the different states are presented in section 7.3.2.1.
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7.2.2.4. Estimating the age-specUjc prevalence of hysterectQmy

The 1984 age-specific hysterectomy rates have been usedto estimate the cumulative
probability ot a hysterectomy in NewZealand women by IUe tablemethods (MacintQsh 1987). This is
different from the prevalence ot hysterectomy in the female populanon because women who have
had a hysterectomy are included in the denominator in the estlmanon ot the prevalence but not tor
the cumulative prQbability. The prevalence ot having a hysterectQmy at a givenage varies between
different generatiQns ot women (Alderson and Donnan 1978). The operation rates used by
MacintQsh (1987), since they can not be adjusted tor the generatiQn-specific risks ot hysterectomy
prevalence with age, can not be usedto accurately estimate the prevalence ot hysterectomy
particularly tor olderwomen. The dlstornon ot hysterectQmy prevalence estimates obtained from

cross-secnonat operation rates due to a failure to adjust tor birthcohort vananons in hysterectomy
prevalence is likelyto be most pronounced tor women aged 35 to 49 years. These are the age
grQups with the highest age-specific hysterectomy rates (Barman et al. 1986). FQr this reason an
alternative method ot estimating hysterectomy prevalence with agewas chosen.
The age-specUic prevalence ot hysterectomy ot a natiQnwide random sample ot 1432
women on the electoral rolls aged 25 tQ 54 yearswith traceable telephone numbers are givenin
table 7.2 (Paul, personal communlcancnj. Thesewomen were interviewed as ccrnrot subjects in a
nationwide case-control studyot breast cancer (Paul et al. 1986).
Table 7.2.
Age-specific hysterectomy prevalence from 1432 women Interviewed
as controls from the breast cancer study (PaUl, personal communication).
Aae arouo (years)
25-29
30-34
35-39
40-44
45-49
50-54

Number

Hysterectomy

Prevalence (%)

151
169
302
303
275
232

0
0
31
53
61
48

0.0
0.0
10.27
17.49
22.18
20.69

This sample was usedto estimate the prevalence of hysterectomy for women 35 to 49.
years of age in the starting population. Forwomen under35, thefive-year age-specific
hysterectomy operation rates ot MacintQsh (1987) were used to estimate the age-specific
prevalence of hysterectomy. Forwomen 50 or more years of age, the prevalence estimate of
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women aged 45 to 49 from the sample (see table 7.2) wascombined withthe age-specific
hysterectomy operation rates of Macintosh (1987) for women aged 50 to 54 years and 55 to 59
years to estimate the hysterectomy prevalence for women up to 57 years of age. Five-year age
group prevalence estimates were interpolated by cubic spline methods to giveestimates of
hysterectomy prevalence at individual years of age. Theprevalence of hysterectomy for women 58
or more years of age was set at the level estimated forwomen aged 57 years. Thiswas considered
to make some allowance for the different risk of hysterectomy among different generations of
women. The estimates of hysterectomy prevalence used are shown in figure 7.1.
Prevalence (%)

30

20

10

o"'flI=:;;""'-r---.-...,.-or--..,-......-r---"'-T-or---r---r---.
20

30

40

60

50

70

80

90

Age
Figure 7.1. Estimated age-specific hysterectomy prevalence for the starting
population.
7,2,2,5, Estimating the duratjon in different states

The durations of timethatthe states dysplasia, carcinoma in situand invasive cervical cancer
had been present in the starting population were estimated using the same age-specific values as in
Parkin (1985). Theduration of timethe state of microinvasive cancer hadbeen present in a woman
of the starting population was set at either one yearor two years with equal probability.
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7.2.2.6. Estimating the time since the lastceNjcal smear in the starting population

Forwomen aged 25to 54 years. the years since theirlastcervical smear was estimated from
342 intervlews of control subjects from the nationwide case-control study of breast cancer (Paul.
personal communication). For ages 15 to 24 years and 55 or more years. the results of the
interviews of 43 women in the evaluation of the Otago Oervlcal Screening Programme (OCSP) pilot
studywere used (see chapter 6). To avoid congregations of women in the starting population at
particular values. linearinterpolation overthe years between estimates wasperformed. This could
not be donefor women aged 15 to 24 years because this would have resulted in some young
women being assigned unduly longtime intervals since their last smear. Therefore. women aged
15 to 19 years were only allowed a smear within the previous two years. andwomen aged 20 to 24
years a smear within the lastthree years, or none at all. When the estimates of the time since the last
smear were used, women with a history of a smear lessthan 12 months before the beginning of the
starting year of the simulation were over represented and created an excess of women after5 years
of simulation who had had a smear between 4 and5 years previously. This occurred when
simulating all the screening routines. To compensate for this, and because it mayhave been dueto
the tendency for women to underestimate the time since their last smear when lntervlewed (WaIter
et al. 1988) or the effects of recent publicity. the estimate of the proportion of women who had had a
smear withinthe previous 12 months wastaken to be halfof those who hadhada smear within two
years. This resulted in some improvement but did not completely overcome the problem. Table 7.3
shows the estimates of the cumulative probability of having hada smear within a given time interval
for different age groups.
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Table 7.3. The cumulative probability of the time since the last cervical smear for
different age groups of women In the starting populatIon.
Age
(years)

<1

1-(2)

2-(3)

15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70+

0.410
0.820
0.320
0.580
0.410
0.340
0.310
0.330
0.110
0.110
0.000
0.000

0.440
0.870
0.700
0.880
0.600
0.490
0.610
0.540
0.260
0.260
0.020
0.020

0.440
0.910
0.840
0.940
0.720
0.640
0.670
0.630
0.320
0.320
0.030
0.030

Time since thelast smear (years)
3-(4) 4-(5) 5-(6) 6-(7) 7-(8)

0.440
0.910
0.870
0.970
0.780
0.690
0.730
0.720
0.370
0.370
0.050
0.050

0.440
0.910
0.920
0.974
0.810
0.740
0.830
0.760
0.420
0.420
0.060
0.060

0.440
0.910
0.930
0.978
0.840
0.770
0.880
0.790
0.530
0.530
0.080
0.080

0.440
0.910
0.950
0.983
0.860
0.800
0.920
0.810
0.580
0.580
0.160
0.160

0.440
0.910
0.960
0.987
0.900
0.820
0.940
0.830
0.610
0.610
0.240
0.240

8-(9)
0.440
0.910
0.970
0.991
0.915
0.840
0.960
0.870
0.630
0.630
0.310
0.310

9-(10) ·10+t
0.440
0.910
0.990
0.995
0.930
0.850
0.980
0.940
0.740
0.740
0.390
0.390

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

t proportion without a history of a smear Included.
The estimated cumulative probability of thetime since the last smear for women aged 15 to

24 years was based on only 11 interviews and, for women aged 55 or more years of age, only 32
interviews. The olderage group estimates were calculated using ten-year intervals of age.

7.2.3.

Transition probabilities

7.2.3.1. Estimating age. marital status and parity transITion probabjlijies
The 1981 NewZealand population census provided estimates of the the number of women
of a given age group, marital status andparity, as outlined in section 7.2.2.2. These estimates were
used as the denominators for calculating fertility and marital transition probabilities. Rates and
proportions were interpolated by cubic spline methods to provide rates or proportions for individual
ages from five-year age groups where necessary. Transition probabilities were obtained from
central rates in thefollowing way. Thetransition probability was,
T

=

2r
2+f

, where r is the central rate of the time interval used.

Forfertility, the numerators for the age group, marital status and parity-specific fertility rates
were obtained from tables of the number of confinements resulting in a livebirthby age and parity of
married women for each yearfrom 1979 to 1984 (Department of Statistics 1982 etseq.). Forthis
timeperiod, the ratio of all livebirths to confinements resulting in a livebirth wascalculated. This
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ratiowas usedto adjust for multiple births from a single confinement. This ratio was also applied to
the age-specific proportion of confinements resulting in a live ex-nuptial birthto allowfor multiple live
births among unmarried women. The ex-nuptial birth rates among nevermarried and previously
married women at each age were assumed to be the same and identical for each category of parity
except for women infertile from birth. These rates were then transformed into annual age and marital
status-specific paritytransition probabilities as above. The proportion of all births that were girls
between 1979 and 1984was 48.7%. This proportion was usedto determine the sex of children
born during the simulation. All girls were then added to the simulated population andparitywas
adjusted accordingly for their mothers. All boys born, because they can not develop the disease of
interest, were excluded from the simulated population. All births duringthe simulation were
considered to be singletons.
For age-specific divorce rates, only those for 1984were used (Department of Statistics
1986a). Divorce rates priorto this year were even more prone to the artificial effects of changes to
the Family Proceedings Act 1980(Department of Statistics 1986a). Unlike GreatBritain, age and
sex-specific rates of widowhood are unavailable in NewZealand. Estimates of the age-specific rates
of widowhood were made usingthe following assumptions. First, the lifetable of married women
wasthe same as allwomen. Second, the lifetable of married men wasthe same as all men. Third,
the average age of a married woman's husband wasthe same as herself. The five-year age-specific
divorce rates were added to the estimates of the age-specific rate of widowhood. These
assumptions were necessary to obtain estimates of the married to previously married transition
probabilities for individual ages of women. That is, the married to previously married transition
probability of the j th agewas,
m-pm
Tj
where

and

= Dj

f

+ (1- OJ)

0

m
OJ

0

(1- Dj),

Dj

=

the age-specific annual divorce probability at age j years,

0/

=

the probability of a woman aged jyears dyingduring the year,

=

the probability of a man aged j years dying during the year.

Or
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The multiplicative second termwas an estimate of the age-specific transition probability to
widowhood for married women. The married to previously married transition probabilities calculated
thisway were similar to those for England and Wales (Parkin, personal communication).
Marriages by the age and marital status of thewife were aggregated over 1979 to 1984
(Department of Statistics 1982 et seq.). These were used to calculate the numerators for the agespecific rates of marriage for never married and previously married women. Where thetables
available had been truncated at,for example. 75 years of age. the rates at 100 years of age were
assumed to be zero. The rates for individual ages were obtained by cubic spline interpolation and
transformed into annual age-specific marital transition probabilities.
At the end of each year. women and girls who were still alive became the population for the
following yearof simulation.
],2,3,2, Estimating pathological state transition probabilities

This required modelling the natural history of allthepathological states to invasive cervical
cancer. The natural history of carcinoma in situ chosen has been evaluated previously and labelled
'H3C' (Parkin and Moss 1986). This allowed 50% of cases of carcinoma in situ to regress and

progressive lesions to have a skewed distribution of sojoum times. The sojourn time is thetime in
the natural history of the disease for which an asymptomatic abnormality is detectable by the
screening procedure. The median duration of carcinoma in situ wasset at 12 years. The annual
probability of regression of carcinoma in situ to dysplasia among women 50 or more years of age was
set at one-half of the probability for younger women.
The estimated age-specific incidence rates of dysplasia for England andWales (Parkin
1985) were used for a woman's annual age-specific probability of transition from normal to dysplasia.

These age-specific transition probabilities wereweighted by a cohort factor to adjust for the different
risk of dysplasia in different generations of women (Parkin and Moss 1986). Thecohort factors
chosen were mortality cohort factor estimates similar to those obtained for New Zealand in section
3,3.1. of chapter 3. Forgenerations simulated whowere under 25 years of age in 1981. the cohort

factor was set at 60% of the estimate for women bom about 1954. This assumed a reduction in the
underlying riskof cervical cancer for women born after 1954 (see section 7.4.2).
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As in Parkin (1985), dysplasia wastreated as a transient condition with 75to 80 percent of cases
regressing to normality and a median duration of two years. The annual probability of regression of
dysplasia to normality for women 50 or more years of age was setat one-half thatof younger women
(Parkin 1985). Progression of dysplasia to carcinoma in situ forwomen who hadhad dysplasia for
less than 12 months was set at one-fifth of the probability of progression for women who had had
dysplasia longer, again as in Parkin (1985).
The annual probability of progression of carcinoma in situ to microinvasive cancer was
increased with increasing duration of carcinoma in situ. Also, the annual probability of progression
from carcinoma in situ to microinvasive disease for women 50 or more years of age was setat twice
the probability of younger women. Microinvasive cervical cancer wasonly allowed to progress to
invasive cancer after12 months and before 24 months had elapsed.
Theprobability of survival after clinically invasive cancer wasvaried with age and thetime
spent with invasive cancer to approximate the age-specific five-year survival rates for invasive
cervical cancer in England and Wales (Parkin 1985).
The file of pathological transition probabilities used anddescribed above for the natural
history of cervical cancer were the same asthat labelled H3C by Parkin and Moss (1986) butwith
different birth cohort weights. Othernatural histories (Parkin 1985) have not been used here
because of the cost of computer processing time required.
Recent age-specific operation rates for hysterectomy from 1980 to 1983 were available for
New Zealand (Borman et al. 1986). These rates were interpolated by cubic spline methods and
transformed to estimate the annual probability of a woman having a hysterectomy in New Zealand at
a given age (seefigure 7.2).
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Figure 7.2.

Estimated annual probability of hysterectomy for Individual ages.

The probability of death during a yearfor a woman of given age was estimated fromlife
tables (Department of Statistics 1986b). The life tables required adjustment for ages 95 to 99 years
so that no woman in the simulated population lived to 100 years of age.
7.2.4.

Screening routines
7.2.4.1. Outline of the screening routjnes

A screening routine can be defined by parameters in a datafile andread into the simulation
programme. For each five-year age group. the screening interval, sensitivity, specificity and
proportion attending for screening in each relevant pathological state is defined by the screening
routine file. Five screening routines were examined. One of these. not screening at all, wasthe
routine compared to the otherfour routines. Screening always occurred during pregnancy in the
simulation, unless explicitly excluded. and reset the timewhen the nextsmear was due.
The annual proportion of women for whom treatment was inadequate or who escaped
follow up was set at 8% per yearfor dysplasia and 4% peryearfor carcinoma in situ forthethree
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years afterdetection (Parkin and Moss 1986). This resulted in 20% of women with dysplasia, and
10% of women with carcinoma in situ, being lostto follow up in the simulated population.

The sensitivity of the screening procedure was set at 0.70 andthe specificity at 0.995 for all
preinvasive states for women of all ages included in the screening routines (Parkin 1985).
7,2.4,2. No screenjng - routine 0

This routine was the routine against which the otherscreening routines were judged.
7,2.4,3, Current screening withwomen with abnormal states attending at one-fifth of
the proportion of women with a normal cervix - routine 1

The proportion of women without abnormalities attending screening was estimated by the
proportion of women who had had a cervical smear within the last three years for the 321 breast
cancer study control women and 87 women interviewed during the pilot study of the Otago Cervical
Screening Project. The proportion of women attending aged 20 to 24 years and 25 to 29 years was
set at the level of the combined 20 to 29 yearage group. Forwomen 55 to 64 years of age, only
women interviewed as part of the Otago Cervical Screening Programme evaluation (see chapter 6)
contributed due to the restricted age range of the control women in the breast cancer study.
Therefore. the estimated attendance for women aged 55 to 64 years was based on only 27
interviews. The incidence rate of invasive cervical cancer has been found to be 4 to 5 times higher
among women who have not hada smear thanthose that have hada smear (Fidler et al. 1968;
Hakama and Rasanen-Virtanen 1976; Johannesson et al. 1982). Factors such as low
socioeconomic status were not included in the simulation model however, they may be associated
with both a higher riskof cervical abnormalities anda lowattendance for screening. None of the
routines simulated included a subgroup of women who never attended for screening. Women with
undetected preinvasive disease are unlikely to have attended for screening and therefore unlikely
to attend in future for screening. Therefore. women in the abnormal states of dysplasia
(undetected), carcinoma in situ (undetected), or microinvasive cancer (undetected) attended at
one-fifth of the levelof women without abnormality in each age group in the simulation.
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Because different proportions of women are usually screened at different frequencies, the
screening frequency of individual women was considered dependent on the time since their last
cervical smear in screening routines 1 and2. The relationship between the time since the last
cervical smear andthe years between the last two smears, forwomen whohadhadat least two
smears, wastaken from the interview results of the control women in the breast cancer case-eontrol
study. The results of the interviews for women aged 25 to 39 years were used for the 20 to 39 year
age groups in the simulated population andthe interviews from women aged 40 to 54 years were
used to cover the 40 to 64 yearage groups of the simulated POPulation. These arethe
supplementary tables labelled * and ** aftertable7.4 below. Within a category of screening
frequency, assignment of a particular yearwhen the next smear wasduewas evenly distributed.
That is,for women whose next smear was duein 2 to 3 years from the present smear (category 2-(4)
years) 50%were setto be eligible for screening in 2 years time and 50% eligible in 3 years time. For
women whose smear was notconsidered due for 10 or more years, the timewhen theirnextsmear
was considered duewas set at 10 years.
7,2.4,4. Current screening with attendance of women withan abnQrmal cervix fixed at
sixteen per cent - rQutine 2
Thiswas the same as routine 1 above but withthe proportion attending for screening with
preinvasive states set at 16%regardless of the level of attendance of women without abnormality.
This represents a routine targeted towards olderwomen withpreinvasive conditions and higher
immediate riskof death fromcervical cancer compared to routine 1. This might be achieved by
inviting olderwomen who have had previous abnormal cytology recorded inthe laboratory or who
have not had a smearreported within the previous three years.
7.2.4,5, Three-yearly screening of WQmen aged 2010 64 years - rQutine 3
In this rounne, attendance ot women without cervical abnormalities was setat 80% and
those with abnormalities set at one-fifth ot this (16%) tor women 20to 64 years of age. The
screening interval was setat three years tor all women 20to 64years of age. Smears taken dUring
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pregnancy occurred before the routine time interval between smears had finished and the time
when the next smear was due was reset.
7.2.4.6. Annual screening of women aged 20 to 64 years - routine 4

This was the same as routine 3 except that the screening frequency was annual.
The four screening routines 1 to 4 described are summarized in table 7.4 below.

Table 7.4. The values of the parameters used in the screening routines.
Routine

Age

Sens.

Spec.

rvears)

Freq.

rvearsi

n.

Attendance(%)
cis.
micro.
dvs.

1

20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-64

0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70

0.995
0.995
0.995
0.995
0.995
0.995
0.995
0.995

*
*
*
*
**
**
**
**

81
81
94
72
67
66
65
18

16
16
18.8
14.4
13.4
13.2
13.0
3.6

16
16
18.8
14.4
13.4
13.2
13.0
3.6

16
16
18.8
14.4
13.4
13.2
13.0
3.6

2

20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-64

0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70

0.995
0.995
0.995
0.995
0.995
0.995
0.995
0.995

*
*
*
*
**
**
**
**

81
81
94
72
67
66
65
18

16
16
16
16
16
16
16
16

16
16
16
16
16
16
16
16

16
16
16
16
16
16
16
16

3

20-64

0.70

0.995

3

80

16

16

16

4

20-64

0.70

0.995

1

80

16

16

16

n. - normal, dys. - dysplasia, CIS. - carcinoma In situ, micro. - mlCrOlnVaSIVe cancer.
sens. - sensitivity, spec. - specificity, freq. - screening frequency in years.
* see supplementary table below.
** see supplementary table below.
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• for women aged 20 to 39 years
Years
since
smear

<2

Time between smears (years)
2-(4)
6-(10)
4-(6)

<1
1-(2)
2-(3)
3-(5)
5+

46.3
53.7
41.2
41.7
21.4

40.3
26.8
35.3
41.6
14.3

7.4
14.6
5.9
4.2
7.2

4.5
2.5
5.8
4.2
7.1

10+t
1.5
2.4
11.8
8.3
50.0

t Includes those With only one smear.
For each interval of time since the last smear, theproportion in each screening interval is
given. This is based on the interview responses of 151 women in the breast cancer control group
aged 25 to 39 years who had had at leastone smear and extended to include the 20 to 24 yearage
group in the simulated population.

•• for women aged 40 to 64 years
Years
since
smear

<2

Time between smears (years)
6-(10)
4-(6)
2-(4)

<1
1-(2)
2-(3)
3-(5)
5+

48.3
40.0
31.6
8.3
11.1

30.0
45.0
52.6
62.5
29.6

8.4
5.0
5.3
8.4
33.4

8.3
5.0
5.0
8.3
3.7

10+t
5.0
5.0
5.3
12.5
22.2

t Includes those With only one smear.
Foreach interval of time since the last smear, theproportion in each screening interval is
given.This was based on the interview responses of 170 women in the control group of the breast
cancer case-control study aged 40 to 54 years who hadhad at leastone smear and extended to the
55 to 64 year age group of the simulated population.
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7.2.5.

Cost estimates
7.2.5.1. The method of valuing the costs of screening
The net economic costto the society was estimated wherever possible. The costs of

screening were separated according to the outcome of the smear. An attempt was alsomade to
estimate separately: direct government costs, public hospital costs and personal costs. Direct
government costs included subsidies to general practitioners and private specialists for patient
consultations, equipment and practice nurses. Public hospital costs included the costof the
treatment facilities. Personal costs were those considered to be imposed on the women
themselves including doctor's fees. To be comparable with a previous study (Bethwaite et al.
1986), the reference yearfor all costs was chosen as 1984. Many of the items used in this analysis
were valued withthe same cost estimates (J. Bethwaite, personal communication). However,
additional costs were also included such as transportation, time andfollow up protocols for
abnormalities detected. Also, the costof terminal care wasdeemed to accrue from women who
died, rather than as a proportion of the women diagnosed with invasive cervical cancer
(J.Bethwaite, personal communication), in this analysis. This altered the time preference of this
cost. Because the value of some items hasbeen obtained froma private insurance company
schedule, some items given in the tables of the costs of treatment in this chapter are not indiVidually
valued. However, the valuations of these items arecontained in the summary values. The costs for
each itemwerecalculated by multiplying the probability of the inclusion of the item by its estimated
unit cost.
For each year, the numbers of smear testswere separated intothose taken during
pregnancy and othersmear tests. Those smears taken during pregnancy were valued as incidental
smears. All othersmear tests were valued asformal smears. Thecosts of detecting women as
positive on screening werevalued according to theirstate at detection. For invasive cervical cancer,
and deaths from cancer, the benefits of screening included the costs of the extra cases andterminal
care of the additional deaths fromcervical cancer thatoccurred when the simulation was run without
screening for the 20-year period. Annual person-years of life saved were also calculated from the
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difference in the age-specific deaths for the simulated screening routine andthe reference file
created by running the simulation without screening. The numbers of person-years of life saved
were calculated fromthe expectation of life of women who died given their age at death. These
benefits were year and age specific. Discount rates of 0%, 5%,10% and 15%were used in the
analysis. This allowed different types of summaries for the screening routines. Comparisons of the
effects of different cost estimates on the cost-effectiveness of the screening routines were made.
The extracost incurred, for a given benefit, from moving from one screening routine to another was
also calculated. Unless otherwise stated, results obtained using a 10%discount rate were preferred
when comparing the economics of screening routines. When the results with a 5% discount rate
suggested a different interpretation, the conclusions were considered to be sensitive to the choice
of the discount rate in the analysis. When evaluating the benefit achieved by the screening
routines, mostweight was given to gains in person-years of life saved, followed by cancers
prevented. Least weight was given to benefits measured by lives saved since I considered personyears of life contributed to society the resource of most value to society. Cancers prevented were
used as a measure of the sUffering avoided as I regarded the presence or absence of a diagnosis of
cancer the majordeterminant of suffering whereas the person-years with cancer avoided could
include manyyears of cure for women who survived.
7.2.5.2. Estimating the costs of the screening smear
The cost of drug therapy for asymptomatic sexually transmitted disease detected by the
cervical smear was found to contribute very little to the cost of a smear. However, the costs of tests
to detect chlamydia were not included. Since it had been estimated, the cost of drugtherapy for the
treatment of sexually transmitted diseases detected was included in the direct government costs.
However, the potential benefits from the prevention of pelvic inflammatory disease and infertility
were not included because theywere difficult to assess. The cost of drug treatment was a small
component of the total societal cost of a screening smear. Personal costs were the costs to the
individual women which included the cost of consultation, time and travel. Items included in the
societal cost of a cervical smear aregiven in table 7.5 with monetary values given where possible
when they were included in the estimated cost of a smear.
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Table 7.5. Items of Immediate cost and benefit In a visit for a cervical smear.
Item
The personal time for a smear to be taken at $6.64 an hourfor
0.6833 of an hour.
Child care if necessary.
Transport.
Anxiety or embarrassment.
Reassurance - true andfalse reassurance.
Invitation by letter.
Fee charged to woman.
General medical services benefitto doctor.
Equipment subsidies - specula. sterilisation. spatula. slide and
fixative.
Practice nurse subsidy - 5 minutes at $8.274/hr.
Communication of result to woman - phone, letteror appointment.
Treatment of infections detected and follow up smearprobability = 0.005 at $12.50 P, $7.14 G, $4.39 G, $1.25 G*
Repeat smear because initial smear unsatisfactory probability = 0.01.
Smeartransported to laboratory.
Smear analysed at the laboratory.t
Result sent to doctoror nurse.
Filing of results, maintenance and quality control of register for
monitoring and recall.

Cost
$

4.54 P

$ 1.50 P
$ 1.20 P
$ 12.50 P
$ 1.25 G
$ 0.40 G
$ 0.69 G
$ 0.40 G
$ 0.06 G
$ 0.06 P
$ 0.07 G
$ 0.18 P
$ 4.40 G
$ 1.00 P

P - personal costs, G - government costs.
*
$12.50 P for the return visit, $4.39 G for the costof drug treatment, $7.14 G for the cost
of the repeat smear and $1.25 G for the state subsidy of the repeat visit.
t Incidental smears taken during a visit for another purpose included onlythis item plus
$2.30 for the state costs of the visit, including the practice nurse benefit and a $2.00
personal cost to the woman (J. Bethwaite, personal communication).
The cost of a woman's personal time was valued by multiplying the average gross hourly
wage rate for women in the workforce (Department of Labour 1984) by the expected time required
to have a smearfor 105women interviewed in the evaluation of the Otago Cervical Screening
Programme pilot study. A value of $1.50, was chosen to represent the transport costs involved.
The cost of an invitation was imputed by estimating the cost of the invitations sent in the OCSP pilot
study. While the fee charged to a woman may be higher for women with medical insurance because
no immediate disincentive to charge a higher fee exists for the doctorwhen a claim to an insurance
firm is made, the time preference involved in the payment of this fee makes comparison difficult.
Therefore, the fee to all women was set at $12.50 for all women with or without medical insurance in
1984. In Auckland, the average fee (excluding the GMS benefit) for general practitioner services
was $13.14 from 1984to 1985 (Thomson 1988). Bethwaite et al. (1986) estimated the state cost of
an incidental smearat $2.30 which included the general medical services benefit, the practice nurse
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subsidy and equipment required (J. Bethwaite, personal communication). These three items have
been subdivided in the above table but yield $2.34 when combined. The hourly rate for a practice
nurse (Department of Health 1984) includes tax. The estimated time a practice nurse would be
involved was set at 5 minutes and is relatively short. However, not all smears taken would involve a
practice nurse and some may involve only the practice nurse. When the practice nurse takes the
smear the general medical services benefit would not be claimed but the practice nurse time
required is likelyto be longer than5 minutes. The proportion of smears for which no practice nurse
involvement is required was notknown and some involvement in most smears was assumed. The
costof communicating the result to the woman fromthe doctor was set at a likely value. It maybe
argued that the time used to take a cervical smear by a doctor might be better spent doing workof
greater value than the fee charged. That is, sickpeople might get more benefit fromthe time spent.
This benefit would needto be above the value of the fee charged to have been included in the
societal costof a smear.
The costof the treatment and a follow up smear for a women for whom a sexually transmitted
disease was detected by the smear, with the recommendation of treatment on the report, was set in
the following way. Table 7.6 givesthe treatment options chosen for five common sexually
transmitted diseases with the drugtariff supported by the government in 1984 (ADIS Press 1984)
for these treatment options.

Table 7.6. The estimated cost of drug therapy for some sexually transmitted
diseases.
Organism or
diaanosis

Treatment

Chlamydia
Gardenella
Gonorrhoea
Candida
Trichomonas

Doxycycline 100 mg b.i.d. for 7 days
Metronidazole 400 mg b.i.d. for 7 days
Amoxycillin 3g plus Probenecid 1g
Miconazole vaginal tablet 100 mgfor 7 days
Metronidazole 2g

Cost
$ 6.27
$ 4.32
$ 3.23
$ 6.60
$ 1.54

These costswere then summed and divided by five to produce an average treatment cost
of $4.39 for these sexually transmitted diseases. Noweighting was given to the relative prevalence
of the sexually transmitted diseases detected by screening for which treatment and follow up would
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be recommended on the cytology report. An arbitrary estimate of this overall prevalence was set at
0.5%.
One per cent of smears were estimated to be unsatisfactory and require repetition.
Transportation, analysis and sending the result to the doctor were all included in the $4.40
government subsidy for cervical cytology reports processed at the private laboratories (Department
of Health 1983). The filing of cytological results andthe maintenance of records for adequate recall
andquality control procedures were set at $1.00 per smear. This administration cost has been
passed on to the women being screened in this analysis.
These figures produced an estimated government cost for a cervical smear of $7.27 and an
estimated personal cost of $20.98, yielding a total societal cost of $28.25 in 1984. Following
Bethwaite et al. (1986), since they assumed all smears would be taken at a visit to the doctor for
another purpose, the societal cost of an incidental smear taken during pregnancy was valued at
$8.70 of which $2.00 was the personal cost to women and$6.70 was the direct costs to the
government. Non-attenders at each screening round incurred invitation costs of $1.20 which were
passed on to screened women as personal costs.
7.2.5.3. The extracosts of a false positive result

Onlythe costs over and above those of a smear are included here. The extra costs are
given in table 7.7. Items for which costs were supplied in confidence have been included but not
listed in table 7.7.
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Table 7.7.
smear.

The extra costs Incurred from the Investigation of a false positive

Item
Repeat smear by general practitioner at formal costs.

Referral to a colposcopist;
Fee to patient or costto a hospital.
State costsof visit.
Repeat smear - equipment. analysis,
communication of result to woman.
Colposcopic examination with or without biopsy.
Biopsy analysed.
Visit colposcopist again.
State subsidy for repeat visit.
Referral letterto general practitioner and record keeping.
Personal time required andtransport for visits.

Cost

$ 7.27
$ 20.98

G
P

*
$
$ 12.74

P/H
GlH

$ 5.20
*
$
$ 11.00
*
$
$ 14.99
$ 1.00
$ 12.08

GlH
P/H
GlH
P/H
GlH
GlH
P

* - confidential

P - personal costs, G - government costs, H - public hospital service costs, GlH - government
or public hospital service costs. P/H - personal or public hospital service costs.
Thecostof a repeat smear was set at the same level astheinitial smear. The fee to private
sector patients at colposcopy was set at the same level as in Bethwaite et al. (1986). Forwomen
treated by the public hospital services, this cost was attributed to the public hospital. Otherwise. the
fee set by the private specialist services was attributed to the personal costs of women. The state
subsidies for a first gynaecological referral, the repeat smear, colposcopic examination, biopsy
analysis, repeat specialist consultation andwritten communication backto the general practitioner
were attributed as a costto public hospital services for those nottreated by the private specialist
services. The level of the personal cost of time, transport and other items for each health service
contact was valued at the same level as that of the initial smear. Whether the repeat smear by the
general practitioner was abnormal or not, I assumed that allwomen with positive smears, that is with
cytology of dysplasia or worse. would be referred to a gynaecologist. This may not be current
practice but could eventuate soon. This assumption might inflate the estimated costs of
investigating women withpositive cytology in this analysis. The evaluation of false positive smears
was considered definitive, that is. all false positive results would be identified by this follow up.
I arbitrarily sent 40%of the women to be seen by private specialists while the remaining 60%
were seen in the public hospital outpatient clinics. The prevalence of private medical insurance in
1987in the New Zealand population was 40% (Chetwynd 1989). The estimate of the public
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hospital services contribution to the extra societal costs of a false positive smear was $87.56, while
the direct government cost was $25.24. The personal contribution was $73.46 yielding an
estimated total societal cost of $186.26. Any benefit of investigating this false positive smear. or the
cost in distress to the woman, has not been included in the assessment. The lattercost in distress
to women was confined to about 0.5%of the women screened in this simulation and represents a
specificity of the screening procedure of 0.995. However, should in practice the specificity of the
procedure fall significantly belowthis, the distress associated withfalse positive smears distributed
across allwho had a smear regardless of the result would be a more important cost of a screening
smear.
7.2.5.4. The extra costs of dysplasia

The extra costs of treating dysplasia in a woman were taken as the same as the extra costs
required to evaluate a positive smearplusthe costs of additional biopsies, treatment and follow up.
An arbitrary choice of one additional biopsy was made. Twelve months of gynaecological follow up
comprising three outpatient visits were assumed. For each outpatient visitthere was a colposcopic
examination and a smear but no further biopsies. Women who mayhave complicated and
prolonged management have not been included in these estimates of the costs of follow up. A
further 14 years of followup by a general practitioner using the cost of annual formal smears minus
the cost of the invitations has been included. The costs of this followup have been estimated using
a 10%discount rate for a 15-year period. The length of the follow up period has been chosen to
include most of the additional costs of follow up, though ideally this followup would be for the restof
a woman's lifetime. Estimates of the proportion (p) of women undergoing the different treatment
options were unavailable so estimates of these proportions were arbitrarily set and subjected to
sensitivity analysis in section 7.3.5. Again attendance at private specialist services was set at 40%
for the initial 12 months of follow up. The extra costs of dysplasia are listed in table 7.8.
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Table 7.8.

Estimates of the treatment costs of dysplasia.
Treatment

Observation - p= O. 10.
Laser, electro-coagulation or cryotherapy - p = 0.50.
Cone biopsy - p= 0.40.
Follow up visits.

Cost

$ 0.00
*
$
*
$
$ 251.32
$ 169.54
$ 82.26

H
P/H
P/H
P
H

G

* - confidential
Ten per cent of the women with dysplasia were considered to be managed by observation
alone. The costs of electro-coagulation and cryotherapy were imputed to be the same as for laser
treatment in this analysis.
These estimates resulted in $371.38 from the public hospital services, $82.26 from the
government directly and $385.88 from the woman involved as the extracost of dysplasia treated
and followed up in a screening programme. This gave an estimated $839.52 as the overall societal
cost for the treatment andfollowup of a woman with dysplasia. These costs were then added to
those of making a diagnosis which were the same as those required to evaluate a false positive
smear. Therefore, the extra costs of diagnosis, treatment and follow up above that of the initial
smear were: $458.94 from public hospital services, $107.50 fromthe government directly and

$459.34 from the woman herself. The total societal cost of the diagnosis, treatment andfollow up of
a woman with dysplasia was therefore $1025.78. Any unwanted effects of treatment have not been
included (Jones et al. 1979).

7.2,5,5. The extra costs of carcinoma in situ and microinvasiye cancer
Similarto the above section, the costs of the treatment and follow up have been added to
the extra costs of evaluating a positive result in section 7.2.5.3. The same proportions of women
treated by publicversus private hospital services havebeen used. Table 7.9 lists the extracosts
used in the simulation for the management of women with carcinoma in situ and microinvasive
cervical cancer.
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Table 7.9. The costs of treatment for carcinoma In situ and mlcrolnvaslve cervical
cancer.
Treatment
Laser. electro-coagulation or cryotherapy - p = 0.50.
Cone biopsy - p = 0.30.
Hysterectomy - p = 0.20.
Follow up visits.

Cost
$ *
$ *
$ *
$ 251.32
$ 169.54
$ 82.26

P/H
P/H
P/H
P
H
G

* - confidential
The estimated total societal cost of the treatment and follow up of a woman with carcinoma in
situ was $1193.72: of which $82.26 was direct government costs. $583.90 public hospital services
costs and $527.56 the personal costs to the woman concerned. Adding the costs of diagnosis at
the same value as determining a false positive result produced the extracosts required for those
womenwith carcinoma in situ and microinvasive cancer. above the initial screening smear. These
costs were: $671.46 from publlo hospital services, $107.50 directly from the government and
$601.02 from the woman herself. The total societal costfor the diagnosis. treatment and followup
of a woman with carcinoma in situ or microinvasive cancer wastherefore. $1379.98. Again, any side
effects of treatment have not been included.
7.2.5.6. The cost of invasive cancer(symptomatic).

Table 7.10 belowgivesthe estimated costs for treating a woman with symptomatic invasive
cervical cancer. The proportion of women receiving the different treatment options was available
(National Health Statistics Centre 1983a). Nineper centof women with invasive cancer were
considered to be untreated.

Table 7.10.

The the cost of treating symptomatic Invasive cervical cancer.
Treatment

Examination under anaesthetic.
Radiotherapy - p = 0.52.
Surgery - p =0.08.
Surgery and radiotherapy - p = 0.31.
Follow up visits - P = 0.91.
* - confidential

Cost

•
$
$4795.44
•
$
$3514.47
$ 61.98
$ 24.16

H
H
H
H
H
P
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For all women not giventerminal care alone, the costs of an examination under anaesthetic
were included. An estimated cost of radiotherapy has been used (J. Bethwaite, personal
communication). Thiswas assumed to be the cost of radical radiotherapy and notthe pre-operative
caesium treatment (Gray et aJ. 1985) associated with a Wertheim's hysterectomy. The costs given
above therefore, may not include pre-operative caesium treatment. Terminal care hasbeen
included as a costof death in this analysis. Two specialist follow up visits were assumed atthe same
costs attributed to the specialist follow up of preinvasive disease but excluding colposcopy and a
cervical smear. Less than4% of women treated for invasive cervical cancer in hospitals in New
Zealand from 1982to 1985 weretreated in private hospitals (National Health Statistics Centre
1983b et seq.). Therefore, all treatment of invasive cervical cancer hasbeen assumed to occur in
the public hospitals. The personal cost of lost timefrom activity and worry dueto treatment were not
included for women with invasive cancer, therefore, the personal costs of treatment appear lowin
this analysis. Complications of treatment for invasive cervical cancer are not infrequent and may
result in death (Gray et al. 1985). These costswere notincluded in this analysis. Adding the costs
of diagnosis, otherthanthe examination under anaesthetic, at the same level as the investigation of
a false positive smear, yields a total societal cost of $9463.52, of which $9340.66 was the public
hospital service cost, $97.62 was the personal cost and $25.24 wasthe direct government cost.
7.2.5.7. The extra cost of invasive cancer detected by screening

The cost of invasive cancer detected by cervical screening was set at 75%of the costs for
symptomatic invasive cancer. This arbitrary estimate was examined inthe sensitivity analysis of
section 7.3.5. A lowercost estimate for screen detected invasive cancer was used because of the
more favourable stage distribution found in screened populations (Johannesson et al. 1982). This
should result in fewerstage lib to IV tumours. These more advanced tumours receive radical
radiotherapy (Gray et aJ. 1985).
7.2,5,8, Previous cost estimates
Bethwaite et al. (1986) estimated the costs of cervical screening. Theirestimates of costs
were:$8.70 for a smear, $1.42 for the extracosts of a false positive smear, $328.41 for the extra
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costs of treating dysplasia, $2173.91 for the extra costsof treating carcinoma in situ, $11753.35 for
the cost of treating symptomatic invasive cancer and $11725.21 for the extracost of treating screen
detected invasive cancer. These estimates do not include many items valued in sections 7.2.5.2 to
7.2.5.6 above. The cost-effectiveness of cervical screening using these estimates was analysed
and compared to those described in the sections above. The results were also compared to those
fromthe Markov chaintechnique published by Bethwaite et al. (1986).
7.2.6. Manpower estimates
Apart from meeting the costs of screening, manpower also needs to be available. The
manpower requirements of the different screening routines were examined but did not include the
savings in manpower thatwould be attained from treating fewercases of invasive cancer. Thatis,
only the manpower implications of detecting andtreating preinvasive disease were examined. The
emphasis was therefore on the laboratory staff required to sustain the different routines. Figures for
the laboratory manpower required vary (UICC Project on Cervical Cancer Screening 1986).
The personnel required was based on a ratio of 6 cytotechnologists per 25.000 smears in
Iceland and a ratio of one cytopathologist per 25.000 smears fromthe suggested minimum
requirements in Canada. The number of smears processed for the simulated screening routines
was estimated as the number of screening smears divided by 0.80. Jones et al. (1988) suggest a
similar figure. Thisfactorwas used to adjust upwards the number of smears performed to allow for
smears taken as part of the follow up of women with abnormalities detected, repeat smears and
women presenting with gynaecological symptoms.
In 1986at Dunedin Hospital, 236 new referrals were made and81.4% had abnormal
biopsies of which almost all required treatment andfollow up (Chang 1987). The colposcopy clinic
was available two han-days per weekat thistime. This would produce a clinic load for a colposcopist
of just under 17 patients per day. At present about 6 patients per half-day clinic are being seen.
One-quarter to one-half appear to require colposcopy. I have chosen a colposcopy clinic loadof 12
patients per day for a 48-week year, about 2800 colposcopy clinic visitsper full-time colposcopist
per year. I have assumed 3 subsequent visits, 4 visits in all, to the colposcopy clinic for women who
were true positives on cytology before referral backto the primary care practitioner. Immediate
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referral backto the primary care practitioner for women withpositive smears but no cervical
abnormality at colposcopy was assumed. The colposcopic load for each screening routine was
calculated using the expected number of true positive cytological smears andfalse positive smears
with the respective weights of 4 visits and 1 visit as described above.
The requirements of nursing staff at both the primary care andthe specialist service level of
care have not been included in this analysis.
7.2.7.

The simulation process
The Monte Carlo method of simulation is a process of assessing any model overa time

period with some or all of the decision rules used being determined by reference to random
numbers. It is used when nodeterministic model is available but information about a process exists.
Even whendeterministic models are available it is sometimes useful to simulate the effects of
measurement errors using a Monte Carlo simulation. The application of the method usually focuses
attention on the important variables that need to be measured and to what degree of accuracy they
are required. It can be used to gain insights intothe likelyoutcomes of processes when many
variables interact.
Afterthe assignment of the characteristics of the starting population, the life events of
women for twenty years were simulated. The life events simulated each yearare listed in table 7.11
belowin the orderof simulation.
Table 7.11.

The order of the simulation process each year.

1.

Transfers between pathological states including the regression of any states to an
allowable previous state.

2.

Screening performed according to the screening routine chosen. The time since the last
smear andwhen the next smear was duewere reset.

3.

Life events for the yearwere simulated including an assessment of whether a woman had
a hysterectomy or a live birth with a pregnancy smear. Female children were added to the
population and parity was altered accordingly. All deaths were removed fromthe
population. Changes to marital status were determined.

Outcomes for the population were compiled to produce summary tables for each year and a
more extensive summary at the endof each five-year interval.
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7.3. Results
7.3.1.

Changes In the characteristics of the population with time
Before analysing the changes in the incidence of invasive and preinvasive cervical cancer

andthe potential effects of screening routines, an assessment of the majordemograhic changes
was made. These demographic changes were the same for each screening routine overthe 20
years simulated.
The age distribution of the simulated population is presented for the starting year and
twentieth year of simulation in figure 7.3 below.
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Figure 7.3. The age distribution of the simulated population at the start (year 0)
and end (year 20) of slrnulatlon.
The distributions differ mostly for women under 60 years of age, withfewer women under
30 years of age and more women between 30 and 59 years of age in the final yearpopulation. The
age distribution of the population in the intervening years fell between those of the starting and final
years. A small increase in the number of women aged 75 or more years was apparent in figure 7.3
and may reflect the expected change towards a more aged population.
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Table 7.12 below gives the distribution among the different categories of marital status for
each five-year age group in the starting population and in the population at the final year of
simulation.

Table 7.12. The distribution of marital status for each age group in the starting
and final year populatlons simulated.
Startina year
Aae (vears)
NM
M
PM
NM
under 15
100.0
0.0
0.0
100.0
15-19
96.93
3.07
0.0
98.57
61.94
37.49
20-24
0.57
71.49
74.17
2.75
25-29
23.08
33.77
30-34
10.18
85.16
4.66
19.26
35-39
6.97
87.06
5.98
14.19
40-44
5.63
87.04
7.33
10.81
45-49
5.03
85.98
8.99
7.57
50-54
5.08
83.17
11.75
5.70
55-59
5.48
78.11
16.42
4.92
60-64
6.14
69.73
24.12
4.70
65-69
58.52
7.14
34.33
4.62
70-74
8.66
45.56
45.78
4.79
75-79
10.16
30.34
59.51
5.55
80-84
11.03
16.73
72.24
6.36
85-89
12.09
6.42
81.49
7.23
90-94
11.84
1.22
86.94
9.85
7.41
7.41
85.19
6.98
95 +
NM - never marned, M - marned, PM - previously marned.

Final Year
M
0.0
1.43
28.11
63.20
74.69
77.77
78.76
79.31
79.31
75.76
70.22
62.60
51.19
38.51
22.61
10.84
5.35
3.49

PM
0.0
0.0
0.40
3.03
6.05
8.04
10.42
13.12
13.12
19.32
25.08
32.79
44.02
55.93
71.02
81.93
84.80
89.53

For women under 50 years of age, more were never married or previously married in the final
year of simulation. This produced a smaller percentage of married women in these age groups.
Delayed marriage appeared to be more important than the divorce rate in producing a decrease in
the proportion of married women. For women aged 50 to 59 years, the distribution of marital status
was similar in the two years, although the proportion of previously married women was higher, and
the proportion married lower, in the final year compared to the initial year of simulation. This was
probably due to the higher rates of divorce among younger women in the New Zealand population
in 1984 than those prior to 1981. For women 60 or more years of age, there was a greater
proportion of married women and fewer women who had never married in the final population
compared to the starting population in the simulation. However, the proportion of previously
married women was similar for the first and last years of the simulation in these age groups.
Table 7.13 presents a similar analysis of the changes in the categories of parity for women
during the simulation.
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Table 7.13. The distribution of the parity categories for each age group of the
starting and final year populatlons simulated.
Aae (years)
Under 15
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85-89
90-94
95+

I
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
4.9
5.1
5.1
4.9
3.7

Starting year
QC
NC
95.0
90.5
65.5
29.9
10.4
5.2
4.1
4.5
6.1
8.1
10.6
13.7
17.0
18.9
19.1
19.4
19.6
14.8

0.0
4.1
16.6
20.0
12.7
8.0
6.2
6.2
6.9
8.8
10.6
12.6
14.3
15.3
15.2
14.9
14.7
14.8

lC

I

0.0
0.4
13.0
45.1
71.9
81.8
84.7
84.4
82.0
78.1
73.9
68.7
63.8
61.0
60.5
60.6
60.8
66.7

5.1
5.3
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.1
4.9
5.0
5.0
5.6
5.1
4.7
4.1
7.0

FinalYear
QC
NC
94.9
91.3
64.9
30.9
11.3
5.1
4.0
4.0
3.4
3.5
3.8
4.4
6.4
8.6
10.9
12.7
20.1
19.8

0.0
3.4
23.7
31.2
25.1
18.2
14.7
11.7
9.7
7.6
6.4
5.8
7.0
9.0
9.9
12.9
11.8
19.8

lC
0.0
0.1
6.4
33.0
58.6
71.8
76.8
79.4
81.9
83.8
84.9
84.7
81.9
76.9
74.1
69.7
64.0
53.5

I - Infertile, NC - no children, QC- one child, lC - two or more children.

For women less than 50 years of age, the proportion of childless women was the same at
the beginning and end of the twenty years simulated. However, more women of single parity than
multiple parity existed in the final year of simulation compared to the starting year in these age
groups. Lower fertility in the New Zealand population for 1979 to 1984 compared to earlier years
appeared to produce more women of single parity than multiple parity in the final year of simulation,
compared to the starting year, for women under 50 years of age. For women 50 or more years of
age, parity was increased in the final population compared to the starting population. For older
women, the changes in the parity distribution were the result of birth cohort determined fertility
effects earlier in their lives. For women aged 50 to 59 years of age, the effects of higher fertility rates
among 35 to 39 year old women produced an increase in parity in the final population compared to
the starting population.
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7.3.2.

Simulated trends In the Incidence and mortality of pathological states
7,3,2,1, The trends in the incidence and mortality of pathological states without
screening -routine 0

The prevalence and incidence of the different pathological states in the starting population
and at the end of each subsequent fifth year of simulation without screening is presented below in
figures 7.4 and 7.5.
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Figure 7.4. The prevalence of dysplasia in five-year age groups at different time
periods during the simulation.

The highprevalence of dysplasia among women aged 15 to 35 years in the starting
population were not sustained by the fifth yearof the simulation. Thiswas due to the weighting
chosen for the age-specific prevalence of dysplasia by the risk of invasive cancer for different birth
cohorts. An explanation of this is givenin section 7.4.2. There was also a shift towards higher
prevalence among olderwomen due to the ageing of high riskgenerations.
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Incidence rate(per 10,000 person-years)
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Figure 7.5. The incidence rate of dysplasia in five-year age groups for five-year
Intervals during the simulation.

Thechanges in the incidence rate of dysplasia among women under55 years of age was
due to the ageing of generations at highest risk. There was a decline in the incidence rate for
women aged 25 to 29 years compared to those aged 20to 24 years in each five-year time period of
the simulation. Thiswas probably due to the lower relative riskof dysplasia chosen for married
women compared to single women andthe greatly increased probability of transition from never
married to married among women aged 25 to 29 years compared to women aged 20to 24 years.
Similarly, figure 7.6 andfigure 7.7 below describe, respectively, the trends in the
prevalence and incidence of carcinoma in situ.
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Figure 7.6. The changes In the prevalence of carcinoma In situ In each age group
during the simulation.
The changes in the age-specific prevalence of carcinoma in situ during the simulation reflect
similar changes in the prevalence of dysplasia. Some of the apparent excess prevalence of
dysplasia among women under 30 in figure 7.4 progressed to carcinoma in situ over thefirstfive
years of simulation. This maintained the prevalence of carcinoma in situ for women under 35 years
of age for at least the firstfive years of the simulation. Thiseffect was superimposed onthe birth
cohort dependent changes in the risk of carcinoma in situ.

243

Incidence rate(per 100,000 person-years)
20
years 1-5
.... years 6-10
-a- years 11-15
-0- years 16-20

10

O-l-F.r---,..-..----r-.....--,..---,.-.,---..-.,..-..----,---...---,r---..----,

10

20

30

40

50

60

70

80

90

Age

Figure 7.7. The change In the age-specific Incidence rates of carcinoma In situ
during the simulation.
The changes in the age-specific incidence rates of carcinoma in situ reflect the prevalence
of dysplasia in the simulated population 1 to 5 years earlier.
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Figure 7.8. The age-specific prevalence of mlcrolnvaslve cervical cancer during
the simulation.

Figure 7.8 shows similar effects on the age-specific prevalence of microinvasive cancer to
those for carcinoma in situ (see figure 7.6) for generations of women with different risk.
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Figure 7.9. The changes In the age-specific Incidence rates of mlcrolnvaslve
cervical cancer during the simulation.
The increasing incidence of microinvasive cancer among women aged 35 to 54 years due
to the ageing of generations of women at increased riskandthe prevalence of carcinoma in situ
among women 1 to 10 years earlier can be seen in figure 7.9.
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Figure 7.10. The changes In the age-specific prevalence of Invasive cervical
cancer during the simulation.
Figure 7.10 shows that large increases in the prevalence of previously treated andpresent
cervical canceroccurred in the simulated population over the twenty years. Again, by the twentieth
yearthe generations of women with highest risk of dysplasia in the starting population produced an
increased prevalence of invasive cervical cancer in women 50 to 59 years of age. By the twentieth
year, 1 in every 300women alive over45 years of age had, or had had, invasive cervical cancer
compared to about 1 in 650women of the starting population.
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Figure 7.11. The changes In the age-specific Incidence rates of Invasive cervical
cancer In the simulated population.
In figure 7.11, the incidence rate of cervical cancer among women aged40 to 54 years
increased during the last 10 years of the simulation due to the increased riskfor those generations
of women in these age groups at that time.
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Figure 7.12. The changes In the age-specific mortality rate of cervical cancer In
the simulated population.
Women aged 35 to 69 years experienced increased death rates during the simulation (see
figure 7.12).
The cumulative incidence and cumulative mortality in table 7.14 provide a summary of the
changes in the incidence and mortality of different pathological states for the population simulated
without screening. The cumulative probability of hysterectomy was relatively stable throughout the
simulation. The cumulative mortality increased during the first 10 years of the simulation. The high
initial prevalence of dysplasia in young women produced an increased incidence of carcinoma in situ
in the first five years which influenced the cumulative incidence of microinvasive and invasive
cervical cancer in the last five-year interval simulated.

249
Table 7.14. The changes In the cumulative Incidence and cumulative mortality
(%), for women aged 0 to 74 years, of different pathological states during the
simulation without screening.
Years
Dvso,
CIS
Micro.
Inv.
Death
Hvst.
1 -5
16.94
4.75
1.60
1.43
37.06
0.55
6 -10
16.45
3.40
1.34
1.26
36.80
0.59
11-15
17.51
3.31
1.46
1.34
35.29
0.75
16-20
18.02
3.67
1.67
1.52
36.72
0.72
Dysp. - dysplasla, CIS - carcinoma In situ, MIcro. - mlcrotnvaSlve cancer, Inv. - InvaSIVe cancer,
Hyst. - hysterectomy, Death - death fromcervical cancer.
7.3.2.2, Comparing the changes jn jncjdence and mortalitY for the different screening
routines - routines 1 to 4
The reference routine was the absence of cervical screening overthe twenty-year period.
The comparison of the incidence and mortality consequences of the different screening routines
was summarized in the following way. First, the overall percentage reductions in death, disease and
the number of person-years of life lostfrominvasive cancer for each screening routine compared to
no screening was assessed. Second, the changes in the overall cumulative incidence and
cumulative mortality for women 0 to 74 years of age were compared. Third, changes in the
cumulative incidence andcumulative mortality for broad age groups wereexamined to assess the
age-specific effects of the screening routines. The agegroups chosen were 25 to 44 years, 45 to
64 years, 65 to 74 years and75 or more years. Thecumulative incidence or cumulative mortality for
women under25 years of agewas not assessed because of the very small numbers of women who
developed invasive cancer in this age group regardless of the screening routine chosen. Fourth,
assuming that the screening programme was equivalent to the most organized screening
programmes in the world and that all women had had at least two previous negative cervical smears,
the estimated proportion of invasive cervical cancers prevented by the screening routines, for
women under85 years of age, was compared atfive-year intervals (Dickinson et al. 1987).
Women with positive smears did notcontribute to the prevalence or incidence of
preinvasive and invasive cervical cancer because the states simulated are mutually exclusive. That
is, the state dysplasia consists of women who haddysplasia butwho had notbeen detected by
cervical screening or who had been detected but lostto follow up. Those who have had their
dysplasia detected are in the state positive and notthe state dysplasia. The interpretation of the
incidence andprevalence of carcinoma in situ and microlnvasive cancer Inthe simulation Is
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analogous. This is important when interpreting the incidence and prevalence of these states for the
different screening routines described below.
Table 7.15 represents the average percentage reduction in lives lost, numbers of cancers
prevented and person-years of life lost for the different screening routines compared to no
screening at all over the twenty years of simulation and aggregated from the results of five simulation
runs of each screening routine (see sections 7.2.4.3 to 7.2.4.6).
Table 7.15. The percentage reduction In deaths, Invasive cancers and personyears of life lost for the four screening routines compared to no screening, with
95% statistical confidence limits from 5 slmulatlons, for the twenty years of
simulation.
Routine
1
2
3
4

Deaths
25.0
36.2
41.3
45.9

(19.0,31.1)
(31.2,41.3)
(36.5, 46.2)
(41.2, 50.6)

Cancers
35.6
43.0
52.7
57.4

(33.8,
(40.1,
(49.0,
(55.0,

PYLL
37.4)
45.5)
56.4)
60.0)

31.7
41.6
48.3
54.6

(24.9, 38.5)
(35.1,48.1)
(44.1, 52.6)
(49.7,59.5)

PYLL - person-years of hfe lost.

Both the three-yearly and annual screening routines improved the number of lives saved,
cancers prevented and person-years of life saved compared to the estimates of current screening
practice. The annual screening routine also produced more benefit than the three-yearly screening
routine in the simulated population. The confidence limits about the estimates in table 7.15 indicate
the variability in the results obtained in the five different simulation runs for each screening routine.
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Figure 7.13. The change In the cumulative Incidence of invasive cervical cancer,
for women 0 to 74 years of age, by the midpoint of each five-year time period for
each screening routine.
The graphs in figures 7.13 to 7.2,2 have a common origin at year 0 but thefirst point plotted
corresponds to the midpoint of the first five-year time period and divergence between the routines
has often occurred during this period. All screening routines showed a reduction in invasive cancer
overthe twenty-year period simulated (see figure 7.13). However, the three-yearly and annual
routines, routines 3 and 4 respectively, appeared to produce a largerreduction in invasive cancer
during the first five-year time period. Aftertwenty years, routines 3 and 4 produced a reduction in
invasive cervical cancer incidence of about 75% while routine 1 produced a reduction in incidence
of about 66%. Figures 7.14 to 7.17 below summarize the changes in the cumulative incidence for
broad age groups underthe screening routines 1 to 4.
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Figure 7.14. The change In the cumulative Incidence of Invasive cervical cancer,
for women aged 25 to 44 years, by the midpoint of each five-year time period for
each screening routine.
Routines 3 and4 appeared to produce a larger initial reduction in cervical cancer incidence
for women aged 25 to 44 years (see figure 7.14). However, all routines reduced the incidence of
cervical cancer in this age group by about 85% in the finalfive-year period.
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Figure 7.15. The change in cumulative incidence of Invasive cervical cancer, for
women aged 45 to 64 years, by the midpoint of each five-year time period for
each screening routine.
A modest early reduction in invasive cancerincidence from screening routines 3 and4 in
women aged 45 to 64 years increased to about 85%by the lastfIVe-year time period (see figure
7.15). Estimates of current screening activity, routines 1 and 2, also produced marked reductions in
the incidence of invasive cervical cancerfor this agegroup. These reductions were smaller than for
routines 3 and 4 andtook longerto accrue.
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Figure 7.16. The change in the cumulative incidence of Invasive cervical cancer,
for women aged 65 to 74 years, by the midpoint of each five-year time period for
each screening routine.
Routine 1 slightly reduced the incidence of invasive cancer, while routines 3 and 4 steadily
decreased the incidence of invasive cancer, in this age group. In the lastfive-year period of the
simulation, routines 3 and4 had reduced invasive disease by about 50% (seefigure 7.16).
Routines 1 and 2 may have reduced the incidence of invasive cancer by about 25%in this age
group by the end of the time period simulated.
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Figure 7.17. The change In the cumulative Incidence of Invasive cervical cancer,
for women 75 or more years of age, by the midpoint of each time period for each
screening routine.
None of the screening routines produced a beneficial effect on invasive cervical cancer
incidence for women 75 or more years of age (see figure 7.17). The apparent beneficial effect of
not screening (routine 0) compared to screening routine 3 is dueto the random variation in small
numbers of women developing cervical cancer in this age group among the 500,000 people
simulated for each routine.
Figure 7.18 shows the changes in the cumulative mortality for women 0 to 74years of age
overthe simulation period for each of the screening routines.
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Figure 7.18. The change in the cumulative mortality of cervical cancer, for women
74 years of age, by the midpoint of each five-year time period for each
screening routine.

o to

Forthe first ten-year period of simulation, the mortality from cervical cancer was reduced less
than 20%for routines 3 and 4 (see figure 7.18). This improvement had increased by the lastfiveyear time period to about 70%for routines 3 and 4. Both estimates of current screening practice
produced more modest effects on saving the lives of women between 0 and 74 years of age.
However, the effect on the cumulative mortality of routine 2 in the lastfive-year time period
appeared almost as greatas for routines 3 and 4.
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Figure 7.19. The change in the cumulative mortality for women aged 25 to 44
years by the midpoint of each five-year time period for each screening routine.

Each screening routine, except routine 1, produced a decline in mortality from cervical
cancerof about 90% for women aged 25 to 44 years by the sixteenth to twentieth years of
simulation (see figure 7.19). This reduction was smaller (about 75%) for screening routine 1.
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Figure 7.20. The change In cumulative mortality for women aged 45 to 64 years
by the midpoint of each five-year time period for each screening routine.
By the last time period, screening routines 2 to 4 hadproduced abouta 60% reduction in
mortality from cervical cancer for women aged45 to 64 years (see figure 7.20). Screening routine 1,
an estimate of current screening practice, produced about a 45%reduction in mortality by the
sixteenth to twentieth years of simulation.
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Figure 7.21. The change in the cumulative mortality for women aged 65 to 74
years by the midpoint of each five-year time period for each screening routine.
In figure 7.21, the relatively small number of deaths in this narrow age range produced
considerable imprecision in the cumulative mortality. However, routines 2 to 4 produced reductions
of about 50%to 60% in the mortality from cervical cancer for women aged65 to 74 years in the
population by the sixteenth to twentieth year of simulation. Routine 1 did not appear to reduce
mortality in this age group.

260
Cumulative mortality(%)

Routine 0
.... Routine 1
-m- Routine 2
~ Routine3
.... Routine4

0.6
0.5

0.4
0.3
0.2
0.1

0.0 -!---......,,..----,..----r-----,.---..,-----,----r----.,

o

5

10

15

20

Time period

Figure 7.22. The change in the cumulative mortality for women 75 or more years
of age by the midpoint of each five-year time period for each screening routine.
With most screening routines there was about a 20%reduction in mortality relative to the
situation with no screening for women 75 or more years of age. This reduction appeared more
uniform throughout the time interval simulated for routines 2 and 4 (seefigure 7.22). While no
reduction in the incidence of cervical canceramong women 75 or more years of agewas observed,
it is possible that cancer prevented among women just under75 years of age could produce a lower
mortality ratefor women 75 to 79 years old.
The proportion of cancers and deaths preventable that mightbe expected by the relative
protection from invasive cancer from the screening history of women, if all women had hadtwo
previous negative smears in the most organized screening programmes Inthe world (IARC Working
Groupon Cervical Cancer Screening 1986), was estimated andis summarized in tables 7.16 and
7.17 below. This is an estimate of the prevented fraction of cervical cancer, for women under85
years of age, from the screening histories of women (Dicklnson et al. 1988). This age range, rather
than women under 75 years of age, was chosen to reflect the life expectancy of young adult women
in NewZealand.
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Table 7.16. The estimated maximum proportion of cancers preventable, among
women aged less than 85 years at the end of the five-year Intervals, determined
by the screening history of women In the simulated population.

Year
Routine
1
2
3
4

5
58.8
58.6
70.2
72.0

10

15

20

51.6
55.8
65.4
69.4

51.4
47.4
62.8
63.2

48.6
49.4
58.6
63.8

Greater prevention of invasive cancer was be achieved by routines 3 and 4 compared to
routines 1 and 2. There was a decline in the estimated potential prevented fraction of invasive
cancers with the number of years of simulation in each screening routine. This was due to the
prevention of invasive cancer among women under 75 years of age being achieved by screening
women 20 to 64 years of age leaving more of the remaining cancers in the oldest age groups whose
screening histories provided little protection. Therefore, in the latter time periods the estimated
preventable fraction of invasive cancer was lower than for earlier time periods.
Table 7.17. The estimated maximum proportion of deaths preventable, among
women aged less than 85 years at the end of the five-year intervals, determined
by the screening history of women In the simulated population.

Year
Routine
1
2
3
4

5
51.6
45.6
64.6
65.0

10

15

20

42.0
48.0
59.4
64.0

39.8
41.8
58.0
56.0

41.0
35.2
46.0
45.4

The prevented fraction of deaths among women aged less than 85 years was lower than the
prevented fraction of invasive cancers. Again, routines 3 and 4 appeared better than routines 1 and
2. The possible prevented fraction of deaths at the end of the simulation was usually smaller than at
the end of the first five years of simulation due to the effect decribed above for the prevented
fraction of invasive cancer.
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7.3.3.

The cost-effectiveness of the screening routines

7.3.3.1, The cQst-effectiveness Qf the screening rQutines using - CQstS A

Table 7.18 summarizes the cost-ettectlveness ot routlnes 1 to 4 trorn the slrnulatlon using
the cost estimates outlined in sections 7,2,5.2 to 7.2.5.7, subsequently labelled costs A. Dtscount
rates have been applied to both costs and benefits.
Table 7.18. The cost-effectiveness of the screening routines simulated relative
to not screening for the twenty-year period using costs A.
Houtlne
1

2

$per case prevented
$per life saved
$oer ovls
$per case prevented
$per life saved

seer ovts
3

$per case prevented
$per life saved

seer ovls
4

$per case prevented
$per life saved
$oer ovls
pyls - person-year ot life saved.

0%
$ 61,210
$195,400
$
6671
$ 51,020
$147,000
$
5.146
$ 51,650
$140,500
5,288
$
$100,600
$269,200
$ 10020

Discount rate
5%
10'%
$ 79,000
$102,800
$276,700
$405,900
$ 14438
$
9587
$ 78,290
$ 63,140
$192,600
$255,000
8757
6,685
$
$
$
75,190
$ 62,290
$177,700
$226,300
6,925
9223
$
$
$117,600
$138,000
$422,000
$333,500
12510
16020

s

s

15%
$132,700
$611,200
$ 22693
$ 96,050
$336,200
$ 11,403
$ 89,760
$286,000
$ 12,289
$161,000
$539,300
$ 20810

Under a 5% or 10% discount rate, routine 3 produced the lowest cost per life saved or cost
per case prevented compared to no screening. However, it did not produce the lowest cost per
person-year or life saved tor the screening routlnes examined. Compared to not screening, routine
3 achieved a lower cost per person-year of life saved than routine 1, under both 5% and 10%
discount rates. Routine 4 was a comparatively expensive method of achieving the benefits Qf
cervical screening. Routine 2 assumed a 16% attendance rate tor women 20 to 64 years of age with
cervical abnormalities, regardless of the proportion of women without cervical abnormalities
attending for screening. Therefore, while it is the most cost-effective routine compared to no
screening, because of targeting towards those older women with a higher risk of death from cervical
cancer, it may be difficult to achieve without some form of incentive to smear takers or the women
involved. In examining the marginal cost of moving from current screening to the alternatives,
routine 1 has been used. Since no screening is not a realistic routine option, the marginal costeffectiveness ratios for moving trorn routine 1 to the other routines were examined (see table 7.19.).
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Table 7.19. The marginal costs of m'ovlng from one screening routine to another
using costs A.
Routine movement

00/0
1 $per case prevented
to $per life saved
2 seer ovls
1 $per case prevented
to $per life saved
3 seer ovls
1 $per case prevented
to $per life saved
4 soer ovts
3 $per case prevented
to $per life saved
4 seer pvls
pyls - person-year of hfe saved.

- $16,180
- $28,390
- $ 1 095
$31,080
$64,180
$ 2816
$161,300
$345,300
$ 14,190
$ 489,900
$1,153,000
$
40150

Discount rate
5%
10%
15%
- $15,160
- $14,480
- $14,050
- $28,240
- $28,330
- $28,560
-$
-$
-$
913
984
869
$34,280
$39,120
$ 45,250
$74,590
$89,760
$109,190
$ 4113
$ 3341
5132
$
$166,600
$174,800
$185,600
$432,400
$380,500
$502,700
$ 15,320
$ 17170
$ 19,790
$ 576,200 $ 701,000 $ 883,600
$1,554,000 $2,488,000 $6,146,000
45,140 $
54830 $
72680
$

Moving to a targeted screening routine was the most cost-effective change in screening
routine producing lower costs per benefit for lives saved, cancers prevented or person-years of life
saved at all levels of discount rate. Under a 10% discount rate, moving from the estimate of current
screening activity, routine 1, to the three-yearly alternative, routine 3, cost $89,760 per life saved,
$39,120 per cancer prevented and $4,113 per person-year of life saved under the simulation. This
was between 4 and 5 times cheaper than moving from routine 1 to annual screening. To move from
routine 3 to routine 4, using the 10% discount rate, cost $2,488,000 per life saved, $701,000 per
cancer prevented and $54,830 per person-year of life saved for the simulated population.
Table 7.20. The net socletal cost of the screening routines for the 100,000
women simulated over twenty years using costs A with different discount rates.
Routine

1
2
3
4

Discount rate
0%

5%

$ 7,504,000
$ 7,204,000
$ 9,276,000
$20,350,000

$ 5,049,000
$ 4,853,000
$ 6,356,000
$13,450,000

15%

10%
$
$
$
$

3,699,000
3,562,000
4,775,000
9,744,000

$
$
$
$

2,896,000
2,794,000
3,848,000
7,585,000

Annual screening would cost much more than any of the other routines simulated (see table
7.20). The cost per 100,000 females of three-yearly screening would be moderately greater than
either of routines 1 or 2. The net present value of the societal cost, using a 10% discount rate, of
routine 1 for 1.5 million people would have been $55,485,000 (or, on average, $2,774,000 per
annum) compared to $71,625,000 (or, on average, $3,581,000 per annum) for routine 3 under the
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simulation. For annual screening, the net societal cost of screening 1.5 million people would have
been $146,160.000. or on average, $7.308,000 per annum. In table 7.21 the total societal cost of
the screening routines has been separated into direct government costs, public hospital costs and
the personal costs to women for each of the screening routines, using both 5% and 10% discount
rates.
Table 7.21. The components of the net socletal cost for the screening routines
over twenty years In the simulated population of 100,000 people using costs A.
Routine
1 $government
$public hospital
soersonal
2 $government
$public hospital
soersonat
3 $government
$public hospital
soersonal
4 $government
$public hospital
spersonat

Discount rate
5%
$1.570.000
$
47.070
$3,432,000
$1,572,000
-$
68,350
$3,349,000
$1,969.000
-$ 180.800
$4,569,000
$ 3,889,000
-$
40.730
$13,451,377

10%
$1,120.000
$ 141,500
$2,438,000
$1,122.000
58,370
$
$2,381,000
$1,435,000
-$
3,862
$4,478,000
$2,776,000
$ 115,000
$6,853,000

While government andpersonal net costs declined with the increase in the discount rate
from 5% to 10%, net public hospital costs increased. This was because more savings in the
treatment and costs of care accrued towards the end of the period simulated andwere valued less
with an increased discount rate. Therefore. whether net savings or costs to the public hospital
service could be expected underthe screening routines was dependent on the discount rate
chosen. The net public hospital costs were greatest under routine 1. The directgovernment and
personal costs of routine 4 were much greater than for any of the otherroutines simulated. The
personal costswere the greatest contribution to the net societal cost for each of the screening
routines. Public hospital costs were the least affected by changes in the screening routines.
Three-yearly screening produced the greatest savings in puonc hospital costs.
The average annual net direct government cost of screening 1.5 million people under
routine 1 was $840,000, and under routine 3 it was $1,076,000. compared to $2,082,000 under
routine 4. The annual screening of routine 4 produced a greater proportional increase in the
personal cost to women than in direct government costs.

265
The net societal cost. and its distribution among the components examined. varied over the
twenty years simulated. In figures 7.23. 7.25 and7.27below this is illustrated for screening routines
1, 3 and 4 respectively. using a 10% discount rate. Thecosts were plotted against the end of the
year in which they accrued.
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Figure 7.23. The net societal cost and its components by year of simulation for
screening routine 1 at a 10% discount rate.
Public hospital net cost reductions were evident by the tenth year of simulation. However.
initially publichospital expenditure of screening routine 1 was raised as morewomen with positive
smears were detected. The net direct cost to government declined as expected with the 10%
discount rate. The net personal cost was a much greater proportion of the annual net societal cost
at the end of the simulation period. after public hospital savings had been made. than at the
beginning.
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Figure 7.24. The net benefits by year of simulation for screening routine 1 at a
10% discount rate.
The annual number of person-years of life saved appeared erratic initially butbecame stable
at about 25 person-years of lifeper annum fromthe tenth year onwards (see figure 7.24). The
number of person-years of life saved was sometimes less than zero because of yearly random
fluctuation in the difference between the number of deaths that occurred without screening andthe
number that occurred withthe screening routines simulated. The annual number of women of the
100,000 population prevented from developing cancer grew to about 2 per year from the seventh
yearof simulation onwards.
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Figure 7.25. The net societal cost and Its components by year of simulation for
screening routine 3 at a 10% discount rate.
The scale of the vertical axis in figure 7.25 is twice thatof figure 7.23. The increased
screening required in the first year produced elevated costs for this year and subquent triennia
underroutine 3. Public hospital net savings were achieved sooner, by the third year, under routine
3 than under routine 1. Personal costs became the dominant contribution of the annual netsocietal
cost towards the end of the period simulated.
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Figure 7.26. The net benefits by year of simulation for screening routine 3 at a
10% discount rate.
The number of women prevented from developing invasive cervical cancer became more
than3 per annum by the third year in routine 3 (see figure 7.26). Thiswasthe reason for the early
savings in the public hospital costs seen in figure 7.25. The annual savings in person-years of life
rose above zero by the fourth yearof the simulation under routine 3 and. apart from a temporary
aberration in the ninth year, stabilized at about 30 person-years of lifeper annum. Again, random
yearly fluctuation in the number of deaths from cervical cancer occasionally resulted in the number
of person-years of life saved being less than zero.
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Figure 7.27. The net societal cost and its components by year of simulation for
screening routine 4 at a 10% discount rate.
Annual screening produced a much smoother decline in costs because screening for
nearly all women occurred in each year (see figure 7.27). While public hospital savings were
similar to routine 3, the direct government and personal net costs at the endof the period
simulated were about twicethose for routine 3 (see figure 7.25).
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Figure 7.28. The net benefits by year of simulation for screening routine 4 at a
10% discount rate.
In figure 7.28, the secular changes in the benefits of person-years of life saved and cancers
prevented under routine 4 were similar to those of routine 3 in figure 7.26. However, the benefits
achieved with routine 4 appeared slightly greater than those under routine 3.

Table 7.22. The marginal cost per unit of benefit for the components of the net
socletal cost when moving from routine 1 to the other routines using a 10%
discount rate.
per pyls
Routine movement
1 $government
to $public hospital
2 $oersonal
1 $government
to $public hospital
3 $oersonal
1 $government
to $public hospital
4 $personal
3 $government
to $public hospital
4 $oersonal

$ 16
- $552
- $377
$1,208
-$ 556
$3461
$ 4,704
-$
75
$12,540
$14,790
$ 1,311
$54830

Benefit
per cancer
prevented
$ 248
- $ 8,755
-s 5 971
$11,480
-$ 5,286
$32920
$ 47,890
-$
767
$127600
$189,100
$ 16,760
$701 000

per life
saved
$
486
- $17,130
-$11680
$26,350
- $12,130
$75540
$118,500
-$
1,897
$315800
$ 671,400
59,510
$
$2288000

In moving from routine 1 to routine 2, extra costs per benefit were incurred by the
government from the treatment of women with preinvasive disease (see table 7.22). This was more
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than conteracted by the savings per benefit to public hospitals and. to a lesser degree. to women.
Movingfrom routine 1 to routine 3. while saving public hospitals money per benefit achieved,
incurred increased costs per benefit to women and the government. Moving to routine 4 produced
only small savings to public hospitals per unit of benefit but a relatively large cost to women and the
government for the benefit achieved. If routine 3, the three-yearly screening routine, was in
operation and movement to annual screening was considered, the simulation suggests that each
sector - the government, public hospitals and women - would need to pay more per benefit gained
and the costs to each group would be relatively excessive.
7.3.3.2. The cost-effectiveness of the screening routines using costs from Bethwaite
et al. (1986) - costs B

Table 7.23 summarizes the cost-effectiveness of routines 1 to 4 for the simulation using the
cost estimates of Bethwaite et al. (1986). labelled subsequently as costs B.
Table 7.23. The cost-effectiveness of the screening routines simulated using
costs B compared to no screening.
Routine
1
2

$per case prevented
$per life saved
$per pvls
$per case prevented
$per life saved

seer ovts
$per case prevented
$per life saved
$oer ovls
4
$per case prevented
$per life saved
$per pvls
pyls - person-year of hfe saved.

3

0"/0
$22,321
$71.266
$ 2,433
$18.472
$53.230
$ 1,863
$16,812
$45,748
$ 1 721
$32,407
$86.677
$ 3,228

Discount rate
10%
5%
$ 43,230
$ 31,260
$170,782
$109,496
$ 6,074
$ 3,794
$ 32,807
$24.843
$106,876
$75.787
$ 2,630
$ 3,670
$22,080
$28,441
$85,609
$62.990
$ 3488
$ 2455
$ 48,828
$ 39.854
$149,253
$112,997
$ 5,665
$ 4,239

15%
$ 58.323
$268.734
$ 9,978
$ 42.143
$147.520
$ 5,003
$ 35,580
$113,355
$ 4,871
$ 58.967
$197,471
$ 7,619

Compared to no screening the three-yearly screening routine was the most cost-effective
routine at all levels of discount rate. As no screening is not a realistic routine option, the marginal
rates of moving from routine 1, an estimate of current screening, to the other routines is presented
in table 7.24.
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Table 7.24. The marginal costs of m'ovlng from one screening routine to another
using costs B.
Routine movement
0%
- $ 6,901
- $12,110
-$
467
$ 4,961
$10,250
449
$
$ 47,940
$102,590
4,217
$
$156,400
$368,100
$ 12,810

1 $per case prevented
to $per life saved
2 seer ovts
1 $per case prevented
to $per life saved
3 $Der ovls
1 $per case prevented
to $per life saved
4 soer ovts
3 $per case prevented
to $per life saved
4 seer ovts
pyls - person-year of hfe saved.

Discount rate
10'%
5%
15%
6,709
- $ 6,839
6,528
- $ 12,740
- $ 13,130 - $ 13,270
423
-$
-$
-$
404
444
$ 9,082
$11,976
$ 6,688
$20,840
$14,550
$28,900
955
$ 1358
652
$
$
$ 54,650 $ 59,530
$ 50,740
$115,900
$135,200 $161,300
$
4668
$
5368 $
6348
$231,400 $ 296,100
$170,900
$461,000
$821,600 $2,059,000
$ 13390
$ 18100 $
24,350

-s

-s

More benefits were obtained per unit cost at all levels of discounting when moving from
routine 1 to the targeting of routine 2. Moving to three-yearly screening from routine 1 was five
times cheaper than moving to the annual screening of routine 4. Moving from routine 3 to routine 4
had a high net cost per benefit achieved.
Table 7.25. The net socletal cost of the screening routines using costs B with
different discount rates for the 100,000 women simulated over twenty years.
Routine

Discount rate
00/0

1
2
3
4

$2,106,000
$2,608,000
$3,019,000
$6,553,000

5%
$1,998,000
$1,909,000
$2,253,000
$4,557,000

100k
$1,536,000
$1,493,000
$1,806,000
$3,447,000

15%
$1,273,000
$1,226,000
$1,525,000
$2,777,000

The net societal cost of the screening routines using the cost estimates of Bethwaite et al.
(1986) under different levels of discounting are presented in table 7.25 and were much lower than
for costs A (see table 7.20).
The cost estimates included in the study of Bethwaite et al. (1986) were distributed as direct
government costs, public hospital costs, and personal costs, to assess some of the differences
between the two cost estimates, costs A and costs B. Bethwaite et al. (1986) did not include the
cost of follow up for preinvasive disease in their analysis. The cost estimates of Bethwaite et al.
(1986) produced slightly lower net direct government costs, higher public hospital costs, and much
lower personal costs than the other unit cost estimates for routines 1 to 3 at each level of
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discounting. For annual screening, routine 4, the cost estimates of Bethwaite et al. (1986) again
produced slightly lowernet direct government costs and much lower net personal costs, but the
comparison of public hospital costs was dependent on the discount rate.
7.3.4.

Manpower reqUirements of screening routines
7.3.4,1. The health servjce demands of the screening routines
Several indicators of the health service demands of the screening routines were compared.

First, the number of smears performed in each year, the number of positive smears, the number of
true positive smears andthe number of women withdysplasia, carcinoma in situ and microinvasive
cancer detected over the twenty-year period, were calculated. These results andthe numbers of
lives saved, cancers prevented and person-years of life saved for the 100,000 women and girls
simulated are given in table 7.26 below.
Table 7.26. The total number of smears, the number of positive smears, the
number In states dysplasia, carcinoma In situ and mlcrolnvaslve cancer detected,
the number of true poslttves detected and the number of cases of Invasive cancer
prevented, lives saved and person-years .0tlJfe saved for the screening routines
over the twenty years of simulation for 100,000 people.
R

Smears

Pos.

T.DOS.

Dvs.

CIS.

Micro.

1
2
3
4

310430
310247
381391
784714

3291
3351
4005
6435

1744
1786
2115
2609

1278
1277
1538
1993

449
484
554
593

17
25
23
23

Cancer Lives

PYLS

123
142
180
203

1125
1400
1754
2030

39
49
66
76

..

R - routine, Pos. - positives, Dys. - dysplasta, CIS - carcinoma Insitu, MICro. - micromvaswe cancer,
T.pos. - true positives, Cancer - cancer prevented, Lives - lives saved, PYLS - person-years of life
saved.
The 3-yearly screening routine for women aged 20to 64 years produced an increase,
compared to routine 1, in the total number of smears taken overthe twenty-year period. The threeyearly screening routine produced more positive smears than either routnines 1 or 2. Annual
screening produced the greatest number of smears but a lowerpercentage, 0.82%, of smears were
positive. The percentage of smears that were positive in screening routines 1 to 3 were 1.06%,
1.08% and 1.05% respectively. The routine of annual screening produced a greater proportion of
positive smears that werefalsely positive (60%) thanthe otherroutines (47%). Routine 3 produced
a 22%increase, and routine 4 a 96% increase, in the number of positive smears requiring further
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investigation compared to routine 1. The amount of dysplasia, carcinoma in situ and microinvasive
cancerdetected increased with increasing screening frequency andthe higherattendance for
screening among olderwomen in routines 2, 3 and 4 compared to routine 1. Thiswas also reflected
in the numberof lives saved, cancers prevented and person-years of life saved for the different
routines simulated.
Secondly, because the treatment of women with true positive smears may alterwith age, it
was also necessary to look at the age-specific incidence andprevalence of women who had positive
smears and howthey accrued overthe years simulated. Women with positive smears were those
with andwithout cervical abnormalities detected that required diagnosis or treatment. However, all
these women required colposcopic evaluation in this simulation. Figures 7.29 and 7.30 present the
age-specific incidence rates andprevalence of positive smears for routine 1.
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Figure 7.29. The Incidence (detection) rate of positive smears for routine 1
during the simulation.
The positive smears mainly occurred among women 20 to 44 years of ageunderroutine 1
(seefigure 7.29). The detection rate stabilized in all age groups afterthe eleventh yearof
simulation.
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Figure 7.30. The prevalence of women with previous positive smears for routine
1 during the simulation.
The prevalence of women with previous positive smears grew rapidly among women more
than 30 years of age over the successive years simulated underroutine 1 (see figure 7.30). For
women under30 years of age, there was a slight dropin the age-specific prevalence during the
simulation. Figures 7.31 and 7.32 present the incidence and prevalence of women with positive
smears under routine 2 during the simulation.
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Figure 7.31. The Incidence (detection) rate of positive smears for routine 2
during the simulation.
The age-specific detection rates of women with positive cytology underroutine 2 were very
similarto those under routine 1 above but were slightly higher among women 45 or more years of
age due to the higherattendance for screening of older women (see figure 7.31).
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Figure 7.32. The prevalence of women with previous positive smears for routine
2 during the simulation.
In figure 7.32, the prevalence of women with previous positive cytology underroutine 2 was
very similar to that under routine 1 (see figure 7.30) but was slightly higheramong olderwomen.
Figures 7.33 and 7.34 below, present the incidence and prevalence of women with positive
cytology under routine 3 in the simulation.
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Figure 7.33. The Incidence (detection) rate of positive smears for routine 3
during the simulation.
The incidence of women with positive cytology under routine 3 in figure 7.33 appeared
lower for women aged 20 to 39 years than undereither routine 1 or routine 2. Moreover, this
detection rate of women with positive cytology became stable sooner andwas higher among
women 45 or more years of age than in routines 1 or 2.
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Figure 7.34. The prevalence of women with previous positive smears for routine
3 during the simulation.
The prevalence of women less than 30 years of age during the simulation with previous
positive cytology decreased over time (see figure 7.34). Figures 7.35 and 7.36 below, present
respectively the incidence and prevalence of women with positive cytology under routine 4 during
the simulation.
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Figure 7.35. The Incidence (detection) rate of positive smears for routine 4
during the simulation.

The annual screening of routine 4 produced the greatest age-specific detection rates of
women withpositive cytology (see figure 7.35). These rates were stable fromthe sixth year of
simulation onwards.
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Figure 7.36. The prevalence of women with previous positive smears for routine
4 during the simulation.
The prevalence of womenwith previous positive cytology under routine 4 shown in figure
7.36 was greaterthan under routine 3. The age-specific pattern of the prevalence of women with
previous positive cytology was similarto that under routine 3 (see figure 7.34).
7.3.4.2. The manpower requirements of the screening routines for occupational
groups

The methods of calculating the annual manpower requirements, described in section 7.2.6,
were used for screening routines 1,3 and 4 andthe results are givenin table 7.27. Routine 2 was
omitted because it was not considered to be a difficultroutine to implement.
Table 7.27. The estimated average annual manpower requirements In full-time
equivalents for screening In the simulated population of 100,000 people under
three different screening routines.
Routine

Cvtotechnicians

Cvtooatholoaists

1
3
4

4.67
5.72
11.77

0.78
0.95
1.96

Colooscooists
0.15
0.18
0.26
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The extra manpower required to move from routine 1, an estimate of current screening
practice, to routine 3 was about a 20% increase in each of the three groups. Routine 4 required
much greater resources than the other routines. A higher attendance for screening among women
with undetected abnormannee would increase the colposcopic workload. The colposcopic load also
depended on the specificity of the screening programme (see section 7.3.5.2). This partly
determined the number of falsepositive smears requiring evaluation. The annual manpower
requirements for colposcopy depend on the annual detection rate of women with positive cytology,
notthe average requirement overthe twenty years. The high initial prevalence of dysplasia in the
simulation produced the highest detection rates of positive smears overthefirst five years of the
simulation undereach screening routine. Also, routines 3 and 4 generated the greatest number of
smears in the first yearof operation aswomen who hadnothadrecent smears had smears taken.
This created greater manpower requirements over the earlier years of the simulation.
7.3.5.

Sensitivity analysis

7.3,5.1! The parameters included in the sensitivity analysis
The changes in the cost-effectiveness of screening routine 3 produced by altering some of
the parameters, using cost estimates A, was studied. Table 7.28 shows the changes inthe
parameters usedin testing the sensitivity of the cost-effectiveness ratios. The effect of a change in
each parameter was assessed while the other parameters remained fixed atthe preferred values.
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Table 7.28. The parameters and values tested In the sensitivity analysis.
Parameter
Sensitivity
Specificity
Attendance
Public vs. private treatment
Changes to the treatment
options of preinvasive
states

Changing the cost of screendetected invasive cancer
Variable screening frequency
with a lower average
screening interval
Pregnancy smears

Qotions tried
0.60 and 0.80
0.90 and 0.95
60%
70/30 and 50/50
Dysplasia
-70% local destruction
-20% cone biopsy
CISor microinvasion
-70% local destruction
-20% cone biopsy
-10% hysterectomy
the same as symptomatic
cases
30% annual
30% biennial
40% 3-yearly
No pregnancy smears

Preferred values
0.70
0.995
80%
60/40
Dysplasia
-50% localdestruction
-40% cone biopsy
CIS or microinvasion
-50% localdestruction
-30% cone biopsy
-20% hysterectomy
75% of symptomatic cases
3-yearly only
Pregnancy smears

The sensitivity andspecificity were altered to examine how critical these values were to the
assessment of the screening routines. The effect of lowering the overall attendance of women 20
to 64 years of age was examined. For routine 1,the effect of increasing attendance from 18%to
50%for women aged 55 to 64 years was also examined. The changes in the distribution of costs
between the government directly, the public hospital service andwomen for different proportions of
women diagnosed andtreated in the publicversus the private sector were examined. Because the
different treatment options generate different costs, the effect of changes in treatment methods for
preinvasive disease was assessed. Howsensitive the analysis wasto the assumption that screen
detected invasive cancer would be cheaper to treatwas determined. The current screening
recommendations in New Zealand (Skegg et al. 1985) suggest a smear at least three-yearly, for
women without previous cervical abnormalities, rather than the three-yearly interval chosen in
routine 3. Therefore, a variable screening interval of annual, biennial and triennial screening with a
resultant lower average screening interval was also assessed. The attendance of women with
undetected cervical abnormalities was maintained at one-fifth of the attendance of those without
undetected abnormalities (except for smears during pregnancy). The contribution of screening in
pregnancy to the outcome of routine 3 was also tested.
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7.3.5.2. The sensitivity of the analysis of the cost-effectiveness and manpower
requirements of screening

The changes in the cost-effectiveness of routine 3 when the sensitivity of the screening
procedure was altered is given in table 7.29below.

Table 7.29. The changes In the cost-effectiveness of routine 3 relative to no
screening with changes In the sensitivity of the screening procedure.
Sensitivity
0.60
0.70
0.80

Costper
ovts

Cost per
case orev.

Cost per
life saved

No. of
smears

$10,070
$ 9,223
$ 8,485

$82,870
$75,190
$72,410

$280,000
$226,300
$220,700

381,835
381,391
381,080

Per cent
oosltlve

0.98
1.05
1.11

case prev. - case prevented
pyls- person-year of life saved
The cost-effectiveness of routine 3 increased with increasing sensitivity. The small
reduction in the total number of screening smears with increasing sensitivity was due to more
women being found to have cervical abnormalities and therefore, not contributing to the screening
pool of women. The marginal cost-benefit ratios, with a 10%discount rate, for improving the
sensitivity from 0.60 to 0.70 were $1,143 per extra person-year of life saved, $8,485 per extra
cancerprevented and $13,130 per extra life saved. Forimproving the sensitivity from 0.70 to 0.80
the marginal cost-benefit ratios, with a 10%discount rate, were $1,869 per extraperson-year of life
saved, $27,480 per extra cancer prevented and $104,900 per extra life saved. Table 7.30 below
gives the percentage reduction in the numbers of cancers, deaths and person-years of life lost and
the net societal cost of screening in a population of 100,000 females for routine 3, compared to no
screening, at different levels of sensitivity. The annual colposcopy requirement was increased by
about 10%when the sensitivity was increased from 0.70 to 0.80 due to the increased proportion of
positive smears.

Table 7.30. The changes in the percentage benefit and net socleta! cost with
changes In the sensitivity of the screening procedure in routine 3.
Sensitivity
0.60
0.70
0.80

% decline in
ovls
45.0
48.3
53.4

% decline in
cancer

% decline in
deaths

Net cost

48.5
52.7
56.4

36.3
41.3
45.1

$4,719,000
$4,775,000
$4,883,000
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The benefits increased more rapidly than the net societalcost with increasing sensitivity.
Table 7.31. The changes In cost-effectiveness with changes In the speclflclty of
the screening procedure for routine 3.
Specificity

Cost per

ovts
0.995
0.95
0.90

$ 9,223
$11,280
$14,873

Cost per
case orev.
$ 75,194
$ 97,596
$133,013

Cost per
life saved

No. of
smears

Per cent
oosltlve

$226,338
$311,636
$393,832

381,391
389,464
398,533

1.05
5.46
10.34

case prev. - case prevented
The dependence of the cost-benefit ratios and colposcopic workload on the specificity of
the screening procedure is shown in table 7.31 above. The cost per unit benefit for routine 3
increased with decreasing specificity. When the specificity dropped to 0.95, the requirement for
colposcopists, in annual full-time equivalents, increased from 0.18 to 0.49. When the specificity
dropped to 0.90 compared to 0.995 the requirement for colposcopists, in annual full-time
equivalents, became 0.85.
Table 7.32. The changes In the percentage benefit and net socletal cost with
changes in the specificity of the screening procedure for routine 3.
Specificity

% decline in

ovls
0.995
0.95
0.90

48.3
52.5
50.4

% decline in
cancer

% decline in
deaths

52.7
55.5
53.1

41.3
42.9
42.2

Net cost
$4,775,000
$6,388,000
$8,320,000

pyls - person-years of hfe saved

Changing the specificity did not produce major changes in the benefits achieved, but the
net societal cost greatly increased with loss of specificity (seetable 7.32). Most of this cost increase
was the personal cost to women and public hospital costs. The results of changing the proportion
attending for screening is presented in table 7.33.
Table 7.33. The changes In cost-effectiveness with a different level of
attendance of women without abnormalities for routine 3 (attendance of women
with abnormalities set at one-fifth of the level of women without abnormalities).
Attendance

Cost per

ovls
80%
60%

$9,223
$9,732

case prev. - case prevented

Cost per
case prev.

Cost per
life saved

No. of
smears

$75,194
$74,890

$226,338
$237,946

381,391
341,989

Per cent
positive
1.05
1.03
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The cost-effectiveness of screening underroutine 3 compared to not screening was similar
whether 60%or 80% attendance by women with no abnormality at each screening round was
achieved. The attendance of women with abnormalities of the cervix was set at one-fifth of the level
of women without abnormalities as before (except for smears during pregnancy).
Table 7.34. The change In the percentage benefit and net socletal cost with a
different level of attendance of women without abnormalities under routine 3
(attendance of women with abnormalities set at one-fifth of the level of women
without abnormalities).
Attendance
80%
60%

% decline in
ovls
48.3
42.3

% decline in
cancer

% decline in
deaths

52.7
48.6

41.3
36.0

Netcost
$4,775,000
$4,254,000

Table 7.34 shows the reduction in benefits and net societal costwhen only 60%
attendance of women was achieved at each screening round. The marginal cost-benefit ratios of
increasing attendance from 60%to 80%were $161,900 per extra life saved, $77,780 per extra
cancer prevented and $6,461 per extra person-year of life saved.
Because theestlmateot the proportion of women aged55 to 64 years attending for
screening in routine 1 was taken fromthe interviews of onlya small number of women, the
simulation of routine 1 was also run with50% attendance in this age group. The attendance of
women aged 55 to 64 years with preinvasive abnormalities wasset at 10%, one-fifth of the level of
attendance for women without preinvasive abnormalities as in section 7.2.4. The difference
between these two simulations is summarized in table 7.35.
Table 7.35. The changes In cost-effectiveness with attendance for women
without abnormalities aged 55 to 64 years for routine 1 (attendance of women
with abnormalities set at one-fifth of the level of women without abnormalities).
Attendance
55-64 vears
18%
50%

Costper
pyls
$14,440
$11,800

Cost per
case orev.
$102,800
$108,700

Costper
life saved

No. of
smears

$405,900
$349,900

310,430
322,293

Percent
positive
1.06
1.01

case prev. - case prevented
There was only a relatively small change in the cost-effectiveness of routine 1 relative to no
screening with this change in the screening attendance for women aged 55 to 64 years.
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Table 7.36. The change In the percentage benefit and net socletal cost with
attendance for women without abnormalities aged 55 to 64 years under routine 1
(attendance of women with abnormalities set at one-fifth of the level of women
without abnormalities).
Attendance
55-64 vears
18%
50%

% decline in

ovts

% decline in
cancer

% decline in
deaths

36.0
35.9

24.1
27.6

31.0
34.8

Net cost
$3,699,000
$3,832,000

In table 7.36, the increased attendance among women 55 to 64 years of age had only a
relatively small effect on the percentage benefit gained under routine 1 relative to no screening.
Each extra person-year of life gained was achieved for $1,937.
Given the assumptions in this simulation, when changing the distribution of women
diagnosed and treated for preinvasive disease in the public hospital system. the net societal cost
and net benefits remain unchanged but shifts between the components of the net societal cost
occurred. These shifts in the net societal costs for routine 3 are summarized in table 7.37 below.
Table 7.37. The components of the net socletal cost of screening, for the 20
years simulated under routine 3, by the proportion of the diagnosis and treatment
of preinvasive states managed In the public hospital service.
Component of net
societal cost

70/30

Public versus private mix
60/40

50/50

Government
Public hospital
Personal

$1,427,000
72,000
$
$3,276,000

$1,435,000
4,000
-$
$3,344.000

$1,444,000
-$
80,000
$3,411,000

Total

$4775,000

$4775,000

$4775,000

Because the cost of treatment of invasive cervical cancer was assumed to be borne by the
public hospital service alone in the simulation, the net savings in the public hospital service were
increased when more preinvasive disease was diagnosed and treated in the private sector. This
saving in the public hospital service was mainly at the expense of the personal cost to women and a
small increase in the direct costs to government.
Table 7.38 below shows the change in the net societal cost and its components when the
treatment options for preinvasive disease were changed. Insteadof 50% of women with dysplasia
being treated by local destruction and 40% by cone biopsy, the proportions were altered to 70%
local destruction and 20% cone biopsy. Also, for carcinoma in situ or microinvasive cancer, 70% of
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women were treated by localdestruction, 20%by cone biopsy and 10%by hysterectomy instead of
50% local destruction, 30% cone biopsy and 20% hysterectomy.
Table 7.38. The change In the net socletal cost and Its components with changes
In the treatment choices for prelnvaslve disease under routine 3.
- Chanaed treatment reolmes
Government
Public hospital
Personal
Net societal cost

Current treatment reoimes

$1,435,000
-$ 103,600
$3,277,000

$1,435,000
-$
3,862
$3,343,000

$4,609000

$4775000

The change towards more locally destructive treatment for preinvasive disease produced
majorsavings in the publichospital service. However, in practice hysterectomy would be the
treatment of choice for microinvasive disease. The effect of hysterectomy for all microinvasive
disease was not simulated. Some reduction in the personal costto women was evident also. The
lowercosts thatwould occur if not allwomen with initially positive cytology were referred to a
colposcopist would produce similar changes to the net societal cost as those above that resulted
from changing the treatment regimes for preinvasive disease towards more locally destructive
treatment.
Table 7.39. The cost-effectiveness, relative to no screening, for a mixture of
annual, biennial and triennial screening and routine 3 (triennial screening alone).
Annual, biennial and
triennial mixture
$ per case prevented
$ per life saved
$ per pyls

$ 90,930
$292,100
$ 11,550

Triennial screening
$ 75,190
$226,300
$ 9,223

The mixture of screening intervals, representing a possible outcome of the current
screening recommendations, was less cost-effective than routine 3 (see table 7.39). Overthe
twenty years simulated, the extranet societal cost of the mixed screening interval routine compared
to three-yearly screening, at a 10%discount rate, was $571,500 but the model did not show any
measurable benefit. For 1.5 million people this was, $429,000 per annum without measurable
benefit underthe model. The marginal cost per benefit gained for moving to this mixed screening
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interval routine (labelled routine 5 below) from routine 1 (current practice) andfrom it (routine 5) to
routine 4 (annual screening), is given in table 7.40.
Table 7.40.

The marginal cost-effectiveness ratios for routine 5 (see text).

Routine movement
1
to
5
5
to
4

0%
$ 77,890
$170,100
$ 7493
$300,800
$625,500
$ 23,150

$ per case prevented
$ per life saved
1$ oer ovls
$ per case prevented
$ per life saved
$ oer ovls

Discount rate
10%
5%
15%
$ 74,740
$ 72,270
$ 70,521
$179,300
$173,200
$188,800
7962
$ 7591
$ 8,649
$372,900
$330,300
$430,500
$917,900 $1,197,000
$735,300
$ 30,270
$ 26,020
$ 35,930

s

The marginal cost-benefit ratios of moving fromthe estimate of current screening practice to
routine 5 were almost twice that of moving from routine 1 to routine 3 in table 7.19. Nevertheless,
moving to the mixed screening interval routine from routine 3 was much more cost-effective than
moving to annual screening from routine 1 (see table 7.19). The marginal cost-benefit ratio for
moving from routine 5 to routine 4, annual screening, was extremely high.
The proportion of screening smears taken that were positive was 0.94% for routine 5. The
average annual manpower requirement for routine 5 was, in full-time equivalents, 6.90
cytotechnlctans, 1.15 cytopathologists and 0.19 colposcopists for the 100,000 people.
Table 7.41. The cost-effectiveness, relative to no screening, for screening
under routine 3 with and without smears taken during pregnancy.
Nooreanancvsmearn
$ per case prevented
$ per life saved
$ per pyls

$ 85,450
$274,600
$ 10,920

Preanancv smears
$ 75,190
$226,300
$ 9,223

The taking of smears during pregnancy produced a small increase in the cost-effectiveness
of the screening routine relative to no screening (see table 7.41). The net societal cost andthe
benefits gained with andwithout screening in pregnancy were similar. This similarity prevented an
assessment of the marginal cost-benefit ratioof moving from routine 3 with pregnancy smears to
routine 3 without pregnancy smears.
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7.4. Discussion
7.4.1.

The approach
A simulation model can always be criticized for notrepresenting the realworld. However, it

is how wellthe model represents the real world, and howfar the critical assumptions arefrom this
ideal, that determines its validity. Because much of the real world is difficult to measure,
assumptions to create some formof model areessential for rational decisions to be made. Of
course, decisions based on both explicit models (where the assumptions can often be tested) and
implicit models can be wrong. Attempting to create a model to describe a health service programme
identifies the information, and its form, that is required to be collected. Models to simulate cervical
screening havebeen shown to perform verywell when compared to empirical data(Knox 1976;
IARC Working Group on Evaluation of Cervical Cancer Screening Programmes 1986; Eddy 1987).
The areas of demography, epidemiology, the disease process, therapeutics, diagnosis and social
behaviour all require inclusion in models of screening programmes (van Oortmarssen et al. 1981).
The advantage of the microsimulation method of modelling, compared to the macrosimulation
approach, is the greatcomplexity of interactions between these factors that can be included. Van
Oortmarssen et al. (1981) also points out thattheseinteractions limitthe value of a checklist
approach (Wilson andJunger1968). The macrosimulation methods however, require less
computational time and arecheaper to run. When empirical data aresparse it is unlikely that much
advantage would be achieved in moving fromthe macrosimulation to the microsimulation method.
Both types of model are veryuseful planning tools(Parkin and Day1985; Levin et al. 1986;
World Health Organisation 1986b). The model used in thischapter was an adaptation of the
microsimulation model of Parkin (1985) which hasbeen validated by empirical data(IARC Working
Group on Evaluation of Cervical Cancer Screening Programmes 1986). This model has been
extended in this thesisto include a cost-effectiveness analysis. Thistype of research has been
identified as necessary (UICC Project on Cervical Cancer SCreening 1986). Difficulties stillexist with
this approach.
Not all the benefits of a simulated screening programme overtwenty years accrue in this
time period. That is, screening within a 20-year period will continue to prevent some death and
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disease and associated health care costs beyond the twentieth year. For screening routines
producing a greaterreduction in death and disease, this would be more pronounced. Therefore,
slightly more benefit per unit cost may be achievable by moving from a less effective routine to a
more effective routine thanhas been shown here. Also, the inclusion of the fifteen-year follow up
costsof preinvasive disease at the year of detection includes allof these costs in the analysis, from
the sixthyearonwards, when some of themwould not have occurred until afterthe twentieth yearof
simulation. Both of these effects, all other things being equal, resulted in underestimation of the
benefit per unit costcalculated for the twenty-year period.
7.4.2.

The estimation required In the model
The simulation model required estimations of important parameters. The estimation of

marital status in the starting population from the population census required the assignment of
separated women to the married category. Also, women who did not specify their marital status at
the census were assumed to have neverbeen married. Neither of these assumptions were very
satisfactory. However, the starting population wasthe same for each screening routine simulated,
andtherefore, comparison between routines was unaffected. Using individual ages in the
simulation required interpolation of five-year age-specific estimates, whereas in a macrosimulation
model the assignment of the age of the population intofive-year age groupswould have probably
been sufficient. The interpolated estimates sometimes became incompatibile at the extremes of
the youngest and oldest ages if some of these extreme values were not fixed before interpolation.
Parity was included in the model only because it was partof the programme supplied by Dr. Parkin.
Parity had been used to define the risk of different generations but had been found to be inferior to
weighting incidence rates of dysplasia by birth cohort factors (Parkin 1985). Fertility rates were
estimated for the inclusion of pregnancy smears andwere easily made parity specific. Itwas also
easier to leave parity in the model as a characteristic of thewomen simulated when translating the
programme fromthe FORTRAN programming language to the PASCAL programming language.
The prevalence estimates of the pathological states used in the starting population are
unlikely to reflect the actual prevalence of these states in the New Zealand population. The
occurrence of dysplasia in NewZealand has been expressed as a percentage of all smears taken
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(Jones et al. 1988). However, these smears included those from women being followed up for
previously detected abnormalities and women with gynaecological symptoms, and do[lot provide
estimates of the prevalence of this state. For women attending a family planning clinic, an estimated
crude prevalence of 1.6% for dysplasia and 0.24% for carcinoma in situ. has been suggested (Hicks
and Edwards 1986). A small sample of women admitted to hospital for otherthangynaecological
reasons found 5 of 114women (4.4%) with mild to moderate dysplasia (Chang and Page 1985).
Among the 156 registrants of the Otago Cervical Screening Programme (see chapter 6) who had a
smear within 14 months of the invitation, 3 women (2%) were found to have histologically proven
dysplasia or carcinoma in situ. Prevalence estimates are dependent on whether the classifications
are histological or cytological, the regional sensitivity of the screening programme (determined partly
by the reporting behaviour of the local cytopathologist) andthe age and riskof those women
examined. The nature of the cytopathologist's report can influence whether a biopsy is taken after
mild abnormalities are reported. Theprevalence of dysplasia in the starting population after some
adjustment for the effects of past screening activity was taken as 2.5% to 3% for women 22to 32
years of age (seefigure 7.4). Thisdoesnotappear unreasonable. The prevalence of carcinoma in
situ of 0.5% to 1% for women 27 to 47 years of age in the starting population was also a plausible
estimate of its prevalence in NewZealand (adjusting for the effects of previous screening activity).
Therefore, though the method of attaining estimates of the prevalence of the pathological states in
NewZealand can be criticized, the estimates achieved are plausible. Because noprevalence
estimates of the pathological states, particularly dysplasia. exist for the New Zealand population. the
simulation does not provide a good method of calculating the future incidence or prevalence of
these pathological states for the New Zealand population. However. for the comparison of the
relative performance of different screening routines, the initial prevalence estimates are less critical
because the prevalence of each state was the same for each screening routine simulated. Despite
the absence of hysterectomy operation rates for birth cohort and age, the estimates of
hysterectomy prevalence used in the starting population do not appear unreasonable. The
hysterectomy operation rates remained relatively constant throughout the simulation (see table
7.14) andwere the same for each screening routine simulated.
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The use of interview information to determine the time since the lastcervical smear in the
population was likelyto overestimate recent screening activity (Clarke and Anderson 1979; Waiter et
al. 1988). A few of the women interviewed would have also had abnormal smears in the past and

wouldtherefore be expected to have smears more regularly. While doctor or laboratory records
from a cervical cytology register are to be preferred, none were available. For the two estimates of
current screening practice, routines 1 and 2, this overestimation of the time since the last cervical
smearwould leadto a shorter average screening interval than has probably occurred in the New
Zealand population. This is because the screening interval was dependent on the time since the
last smear for these routines. This is more likely to affect the simulation overthe firstten years for
which the screening routine was assessed and may have been reduced subsequently as the
screening history of younger women became determined more by smears taken during pregnancy.
Because of the inexact probabilities of transition between marital and parity states, the
simulation model was unlikely to produce very precise predictions of these demographic changes in
the population. The age distribution of populations is also altered by immigration and emigration,
whichwere not included in the model, and by changes in the age-specific fertility rates. Agespecific fertility rates are veryvariable over short intervals of time. The six-year period used, 1979 to
1984, is unlikely to produce accurate estimates of future transition probabilities. These are reasons
why the simulated time period was restricted to 20 years. These underlying demographic changes
were, however, the same for all the screening routines simulated. The description of the
demographic changes in section 7.3.1 provided a check that the population characteristics did not
become too incompatible with possible future demographic changes in the New Zealand female
population.
The age-specific incidence rates of dysplasia were the same as usedby Parkin (1985) and
may not represent the incidence rates of this condition in NewZealand. However, withthe natural
history assumed and the birth cohort factors used as weights, the age-specific incidence rates for
invasive cervical cancer achieved in the simulation (see figure 7.11) were similar to those found in
New Zealand from 1979to 1983 (see table 3.5: section 3.3.2) when the influence of screening on
the incidence of invasive cancer was probably not large. The natural history of dysplasia chosen in
the model has beentested against alternatives (Parkin and Moss 1986). The onlydeparture from
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the natural history labelled H3Cby Parkin and Moss (1986) hasbeen the useof New Zealand cohort
weights for the riskof death fromcervical cancer andthe assumption of a lower riskof disease for
women born after 1954. The·Iower riskfor the evolving generations of women in the simulation was
chosen because, firstly, the, relatively high risk estimates for recent generations of young women
might be an overestimate because of the small numbers of observations upon which it is based, and
secondly, preventive action otherthan screening maybe taken up by generations not yet at risk, for
example in response to the publicity surrounding the acquired immune deficiency syndrome
(AIDS). This represents a cautious approach to estimating the predicted future incidence of
dysplasia in the simulated population. These lowerrisk estimates for generations born after1954
were not usedwhen estimating the prevalence of dysplasia in the starting population. This explains
the highinitial prevalence of dyplasia among women less than35 years of age thatwas not
sustained by subsequent incidence rates when the population was simulated without screening
(seefigure 7.4). This inconsistency might have been better avoided but wasthe same for each
screening routine simulated. There was a shifttowards a higher prevalence of dysplasia among
olderwomen as higher risk cohorts became older and more recent generations of women entered
the simulation with lower risks of dysplasia. The incidence rate of dysplasia was lower at age 25 to 29
years than in the adjacent agegroups. Thiswas difficult to explain but mayhave been dueto the
regression rate for dysplasia used in the model. Also, the riskof dysplasia was related to a woman's
marital status and a sharp decrease in non-married women at 25to 29 years of ageoccurred. In the
real population the risk of dysplasia by age, all otherthings being equal, would be influenced by the
age at first intercourse. Staggering the risk of dysplasia by agefor different subgroups in the
population may have avoided this dropin the incidence rate of dysplasia for women 25 to 29 years
of age in the simulation.
The dependence of the incidence of invasive cancer on the prevalence and incidence of
dysplasia at an earlier time interval, with the natural history chosen, was shown in section 7.3.2.1.
The marked increase in the prevalence of women who hadhad invasive cervical cancer, as the
number of years of simulation without screening increased, was initially suprising. However, all less
serious states were either treated as transient, with regression possible, or of short duration.
Therefore, this accumulation of women with a history of invasive cervical cancer, with its lifetime
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duration, was only modified by death fromthe disease and other causes of death. No women were
considered to be cured of invasive cancer.
Accurate and complete estimates of the costs otthe screernnqsmear, the diagnosis and
treatment of cervical abnormalities anddisease and theterminal care for the dying were difficult to
obtain. Formost of the cost estimates of diagnosis andtreatment, this analysis was indebted to the
workalready done by Bethwaite et al. (1986) who kindly made available theircost estimates for each
itemof service. The cost estimates labelled costs A included some items not included in the study
of Bethwaite et al. (1986).
Fora formal screening smear, the administrative and clerical costs of the invitation, informing
the women of her result, andthe maintenance of the records, were treated as personal costs to the
women. In the New Zealand health service, it wasconsidered thatthese costswere likely to be
passed on to women who had smears taken. Therefore, the invitation costs of non-attenders were
passed on to attenders of the screening programme. The cost of a screening smear to individual
women who participated in a screening programme would therefore increase as attendance
declined. Values for the cost of transportation andpersonal time were estimated because it was
considered better to include these items rather than not price them. However, the personal costs of
childcare, anxiety andembarrassment andfalse reassurance were unable to be estimated. The
benefit of true reassurance wasalso not valued butis a major reason whywomen ask for a smear
test. While the treatment of sexually transmitted diseases reported on the cytology form has been
included to seewhat its contribution to the costof a smear was likely to be, any increase in thetaking
of swabs for chlamydia or othersexually transmitted diseases detected by the smear testwas not
valued. Thiscould increase the direct government costs of smears taken. The current laboratory
costfor processing a swab for chlamydia was about $20 in 1988. But, the benefits of treating
sexually transmitted diseases detected were not included in this analysis.
Changes to the practice nurse subsidy scheme have occurred since 1984but have not
been allowed for in this analysis. The practice nurse subsidy has decreased from 100% to 75% for
most doctor's practices. Therefore, some practices, where practice nurses are encouraged to take
smears, now charge women for the smears taken by the practice nurse. This has meant that more of
the costs of a smear test have been passed on to women in these practices, though in most
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instances this would be instead of the doctor's fee. However, the number of practices where
practice nurses are encouraged to take smears may be still relatively small.
The costof a screening smearusedby Bethwaite et al. (1986) was much lower thanthe
value placed on it here. This is only partly due to their use of onlythe marginal costs of an incidental,
or opportunistic, smeartaken at a doctor's visit for another purpose.
The cost of investigating a false positive smear included one biopsy which may not always
be performed. The net societal cost of investigating a false positive smear in this analysis was much
greater than the estimate usedby Bethwaite et al. (1986). Theirestimate of the costs of evaluating
false positive smears appeared very low. It seems to have been based on a negative result for the
repeat smear. However, a decision rule requiring two smears to be positive before a screening
procedure is considered positive greatly reduces the sensitivity of the screening procedure. The
sensitivity would needto be adjusted downward accordingly. This was not done in theiranalysis.
The specificity of 0.95 that they used was lowerthan other estimates (Boyes et al. 1982). In this
analysis, requiring all women with positive smears to havecolposcopy mayhave overestimated the
cost of diagnosis for women with false positive cytology. However, more than two biopsies may be
more likely when investigating preinvasive disease. Also, no subsequent biopsies afterthe
treatment of women with cervical abnormalities were assumed in this analysis. The follow up of
women with previously treated cervical abnormality by a gynaecologist mayalso be more intense, or
be more prolonged, greatly increasing the costs of treating preinvasive disease.
Forthe diagnosis and treatment of preinvasive disease, it was difficult to apportion costs
among women, the public hospital service andthe government for some items. For example, for
cone biopsy and hysterectomy, the direct cost to the government of the subsidy for days spent in
private hospital was considered a personal cost to the woman treated privately and nota direct cost
to the government. This caused some overestimation of the personal cost to women and an
underestimation of the direct cost to the government. The state subsidy for private surgical bed
days in 1984was 22.5%(Scott et al. 1986) andthis misclassification of costs applied only to the
proportion of women treated privately. For low levels of private sector treatment of preinvasive
disease or low levels of treatment requiring hospitalization, this was less important. Correcting for
this misclassification did not greatly alterthe component costs. However, the personal costto
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women of the treatment of dyplasla was probably underestimated because the distress, anxiety and
any pain from the treatment has not been valued (Britton 1988). Because of the inappropriate
assignment of these components oHhe net societal costs for the treatment of preinvasive disease,
the results of the analysis for the component costs should be interpreted with some caution.
However, this caution need not apply to the costs for the public hospital service. The main effect
has probably been to underestimate the directcoststo the government slightly. The net societal
costs of the treatment of preinvasive disease were, however, unaltered.
For dysplasia, the net societal cost of follow up was the greatest component of the cost of
treatment. For carcinoma in situ, the follow up costs were 42% of the net societal costs of treatment.
For carcinoma in situ and microinvasive cervical cancer, the contribution of the follow up costs to the
net societal cost was dependent on the proportion of women treated by hysterectomy. The
proportion of women treated by hysterectomy was also an important determinant of the net societal
cost of treatment for these conditions. While the proportions of women treated by hysterectomy for
carcinoma in situ and microinvasive cancerwasconsidered to be equal in this analysis, this is unlikely
to reflect current or future-practice. Bethwaite et al. (1986) did not include microinvasive cancer as a
pathological state in their study. It would probably have been better to have considered all women
with microinvasive cancerto have beentreated by hysterectomy in the analysis. Only one additional
diagnostic biopsy was valued for preinvasive disease detected. This is very likelyto be an
underestimate of the number of biopsiestaken.
The assumption that all invasive cancer wastreated in public hospitals appeared to be
justified by the small number of bed days stayfor women discharged or dying in private hospitals.
This may be due to the reliance on radiotherapy in the treatment of the disease. However, a greater
proportion of women may, or might in future, have terminal care in private hospitals. However, all the
costs of terminal care were attributed to the public hospital service. The personal cost of the
treatment andterminal careof women with invasive cancer was neglected in this analysis because of
the difficulty in measuring or imputing a value to it. This deficiency in the analysis underestimates
the saving in the personal costs achieved by the screening programmes and elevates the
proportion of the net societal cost that was a net cost to women. This effect is likelyto be small,
depending on its annual value, because of the rarity of invasive cancer in the population.
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7.4.3.

The Impact of screening on Incidence and mortality
Even with 5 simulation runs, estimating the combined experience of 500,000 people, there

was uncertainty in the predicted benefit of the screening routines (see table 7.15). However, clear
differences among the routines existed. The estimate of current screening practice, routine 1,
suggested that about 36% of cervical cancers and 32% of person-years of life lost were avoided
(compared to not screening at all). This reduction in cervical cancer incidence, for all ages, was
similar to the estimates of the impact of past cervical screening found in chapter 4. Much of the
potential extra reductions in deaths, cancers andperson-years of life lost in moving to an annual
screening routine, routine 4, from routine 1, were also achieved by three-yearly screening, routine
3. Greater net benefit was gained from an annual screening routine, however. The benefits of each
screening routine were greatest at the end of the twenty-year period of simulation. Therefore, the
overall benefits gained by each screening routine relative to not screening at all for the entire 20year period (see table 7.15)were underestimates of the potential benefits that could be gained.
This was illustrated by the 75%reduction in the cumulative incidence for women aged 0 to 74 years
achieved underroutines 3 and 4 in the last five-year time period simulated (see figure 7.13). These
two routines showed earlier decreases in the risk of invasive cervical cancer than routines 1 or 2.
While for women aged 25 to 44 years, an 85% reduction in invasive cancerwas achieved by
all the routines simulated, the reduction occurred earlier with routines 3 and 4 (see figure 7.14).
This earlier reduction in the incidence of cervical cancer also occurred for women aged 45to 64
years. This was expected because of the higherattendance at each screening round among older
women in routines 3 and 4 compared to routine 1. It was noticeable in figure 7.16 that the benefits
for women aged 65 to 74 years were slowerto accrue andnot as pronounced. This was because of
the upper age limit of 64 years for women included in the screening programmes. While the
influence of routine 1 on the incidence of cancer in this age group is unconvincing, a reduction of
about 50% in the incidence of invasive cancerby the lastfive-year interval simulated was evident
with routines 3 and 4. All the screening routines did not prevent cancer among women 75 or more
years of age (see figure 7.17) using the natural history of cervical cancer chosen, yet much of this
morbidity may be avoidable.
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The effects of the screening routines on the riskof death from cervical cancer were
generally smaller than their effects on the incidence of the disease. The benefit in lives saved for
each screening routine was also slower to accrue and was notclearuntil 6 to 10 years afterthe start
of the simulation. Thiswas reflected in the mortality rates for the broad age groups (see figures 7.18
to 7.22) and in the person-years of life saved (see figures 7.24, 7.26 and 7.28). The benefits of
cervical screening measured as cervical cancer prevented is expected to be greater thanthe
benefits measured as lives saved. Some deaths aregoing to be prevented afterthe endof the time
period simulated, and are therefore not counted as livessaved, but they have been counted as
cancers prevented within the time period. However, most women who develop recurrence after
initial treatment of cervical cancer will do so within five years (van Nage1l1979) so this effect is not
large. The otherreason for a lowerpercentage reduction in lives saved compared to cancers
prevented is dueto the different age distribution of cervical cancer mortality compared to cervical
cancer incidence (sections 3.3.1 and 3.3.2) and the ages of women included in the screening
routines. The 70% reduction in the riskof death from cervical cancer for women aged 0 to 74 years
for routines 3 and 4 by the end of the twenty years simulated is a considerable, potentially
achievable, benefit.
While the reduction in mortality from cervical cancer among women aged 45 to 64 years in
the lastfive-year time period with routines 3 and4 was only60%(see figure 7.20), this was about
the level of the reduction in the incidence of cervical cancer in this age group five years earlier (see
figure 7.15). Therefore, it might be expected that a greater reduction in the mortality from cervical
cancer among women in this age groupwas possible butwould not be evident until more than 20
years of simulation hadoccurred. Forwomen aged 65to 74 years of age, it took 10to 15years of
simulation before any reduction in mortality was evident for screening routines 2, 3 or 4. No
reduction in mortality was evident under routine 1. None of the screening routines appeared to
prevent deaths among women 75 or more years of age withthe natural history chosen yet many of
these deaths from cervical cancer could be expected to be avoidable by screening olderage
groups. The routines seemto place a very low value on the lives of, and cervical cancer among,
women 75 or more years of age. This cannot be due to any realcostto the society from the
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superannuation the elderly drawbecause this is a transfer payment fromthe earning population to
the elderly within the society and not a netcostto the society.
The maximum preventable fractions of cervical cancer that could be achieved under
routines 3 and 4 weregreater than underroutines 1 and 2. Routine 2 performed worse than routine
1 withthis measure. Thiswas because the method of calculation did notadjust for the effects of
targeting. For example, by weighting the time since the lastsmear of women by theirriskof
developing cancer. Therefore, routine 2 produced a longer average time since the lastsmear than
routine 1 resulting in a lower prevented fraction but, because more of the smears taken were from
women most at riskof cervical cancer in routine 2, it was more effective. The potentially preventable
fractions of incidence and mortality declined withthe number of years simulated for each screening
routine. Thiswas dueto the low prevented fraction for the olderagegroups becoming more
important as the benefits of screening accrued among younger women. That is,the screening
histories of olderwomen meant that the screening routines were lessable to prevent the remaining
total number of cervical cancers in the population because they were more likely to occur among
olderwomen. Therefore, the potentially preventable fraction afterfive years of simulation provided
an estimate of the proportion of invasive cervical cancer likely to be prevented by each screening
routine. This may stillbe anunderestimate of the maximum potential benefit thatcould ultimately be
achieved (IARC Working Group on Evaluation of Cervical Cancer Screening 1986). This maximum
potential benefit, measured by the estimated prevented fraction, is the improvement that should
accrue over the following ten years given the current screening history of women. Therefore, it
overestimates the benefit achievable in any shorter time interval. Following Dickinson et al. (1988),
the best that couldbe expected fromthe three-yearly screening routine simulated for women aged
20 to 64 years would be about a 70% reduction in cervical cancer and a 65% reduction in mortality
from this disease for women under85 years of age overa ten-year interval. However, thiswould
appear to be an improvement over current screening practice and would be improved if the
attendance for screening of women with undetected abnormalities was greater than one-fifth of the
attendance of women without abnormalities. Inthis analysis, annual screening of women aged 20 to
64 years would appear to prevent about 2% more cancer, andproduce no appreciable increase in
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the prevention of death from cervical cancer, among women under 85 years of agecompared to
three-yearly screening.
7.4.4.

The economics of screening
Because screening reduces boththe incidence and mortality of cervical cancer, the two

most important measures of benefit, in the absence of QALY's, were cancers prevented and
person-years of life saved. Relative to no screening activity, three-yearly screening and a targeted
version of estimated current screening practice performed equally well (see table 7.18). However,
targeting current screening to the degree described by routine 2 produced monetary savings per
unit of benefit, whereas moving to three-yearly screening from estimated current screening practice
cost about $4,113 per person-year of life saved and $39,120 per cancer prevented at a discount
rate of 10%(see table 7.19). Thetargeted screening routine maybe difficult to achieve but might
result from a change in the method of funding of some aspects of a screening programme (see
section 8.2.1). Forexample, if those of lower social class (presuming a higher risk of cervical cancer
among the least advantaged in New Zealand society) andMaori women hadmore intense screening
or greater coverage than otherwomen, so that routine 1 represented onlythe average frequency
andcoverage among the entire population, a formof targeting would be achieved. A greater
attendance for screening of women with undetected abnormalities would probably produce an
even larger benefit anda more favourable marginal cost-benefit ratio However, the effects of
changing the attendance for screening for women with undetected abnormalities was not assessed
because of the cost of computer processing time and the relative cost-effectiveness of the
screening routines was considered unlikely to have been changed. Because targeting may be
unlikely to be achieved to any large extent, screening routine 3 (3-yearly) hasbeen the screening
routine examined in mostdetail in this analysis and the expense of computer processing time to
investigate the many possible variations of these screening routines was prohibitive. An annual
screening routine was found to be considerably more inefficient thana three-yearly screening
routine. The distribution of the components of the marginal cost-benefit ratios altered between the
government, publichospital and personal sectors (see table 7.22) depending on the routine moved
to, from routine 1. Moving to a targeted screening routine, routine 2, was the only shift in screening
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routine to produce savings for women per unit of benefit gained. Movement to three-yearly
screening from routine 1 performed well. Movement fromthree-yearly to annual screening placed a
greater burden on each sector. Separating the marginal cost-benefit ratios in thisway, however,
was not very helpful because, thoughthe costs were distributed between these different sectors,
the benefits were not. However, these different sectors might be expected to have the same goals
but these maybe traded off, and in different ways, against the financial demands of other services
these sectors provide.
Because moving to an annual screening routine from estimated current screening practice
performed poorly, the following discussion will concentrate on differences between the estimate of
current screening practice, routine 1 and a three-yearly screening programme, routine 3. The extra
net societal cost required to move to the three-yearly screening frequency for the New Zealand
population from estimated current screening practice was estimated at an average of $807,000 per
annum overthe 20-year period simulated for 1.5 million females using the 10%discount rate. Far
greater costs occurred within the first few years afterthe adoption of the newroutine. Forthe first
year, the net societal cost for 1.5 million females was $10,704,000. Forthe government, the net
costwas $2,697,000. However, recruitment into a new screening programme would probably not
all occur in the first year. A repeat smear afteroneyear, forthose women who have never had a
smear, as the current screening policy suggests (Skegg et al. 1985), would further increase the cost
for the first few years of transition but has not been included in this analysis. Averaging the extra
cost of routine 3 over the first threeyears with a 10%discount rate, reflecting a phasing in period for
the three-yearly screening routine, the estimated extra annual net societal costfor New Zealand was
$3,079,000, of which $749,500 were direct coststo the government. The direct government costs
were probably underestimated, however (see section 7.4.2). The additional cost of establishing
screening registers andthe invitations required for an organized screening programme have been
included, in part if not entirely, in this analysis by the inclusion of these costs in the cost of a
screening smear (see section 7.2.5.2). Regardless of the routine simulated, the greatest
component of the net societal cost was carried by women, and notthe government or public
hospital service, in this analysis. To move to an annual screening routine required a much greater
burden of the extra societal cost to be borne by women. Part of these results might be explained by
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the undervaluing of the personal savings to women that could accrue from the prevention of
disease and deathfrom invasive cervical cancer in this analysis (see section 7.4.2) and the possible
overvaluing of the personal costs of the treatment of preinvasive disease.
The proportional contributions of the government directly, the public hospital service and
women varied considerably over time in this analysis regardless of the screening routine simulated.
When moving from the estimate of current screening practice to a three-yearly screening routine,
the greater net cost to the publichospital service in the first yearof the newroutine was replaced by
net savings thereafter. In the longterm, as savings in the treatment costs were made, a greater
contribution to the net societal cost of each screening programme was carried by the women
themselves.
The cost estimates of Bethwaite et al. (1986), labelled costs B, produced much lower costbenefit ratios than my cost estimates (compare table7.23 withtable 7.18). These estimates valued
terminal care at the year of diagnosis rather thantheyear of death. Compared to theircost per life
saved for annual screening relative to not screening of $79,871 (Bethwaite et al. 1986), this
simulation, using a 5% discount rate andcosts B, $uggestedafigureof about $113,000 per life
saved (see table 7.23). Using the same 5% discount rate, the cost per life saved of moving from
three-yearly to annual screening of $461,000 per life saved using costs B (see table 7.24) was
higherthan their estimate of $325,550, later revised to $272,960 (Bethwaite et al. 1987). However,
they used different estimates of the natural history, prevalence and specificity: different incidence
and mortality rates for pathological states, different proportions receiving the treatment options and
different survival rates for women with invasive cancer. They also usedthe Markov chain
macrosimulation method. Also, the net cost per life saved usedby Bethwaite et al. (1986) may not
be a very good measure of the efficiency of a screening programme (Torrance 1986). The
argument against annual screening in favour of three-yearly screening because of its relative
inefficiency was strengthened when the marginal cost per person-year of life saved andthe cost per
cancer prevented for moving from three-yearly to annual screening were also assessed (see table
7.19).
The sensitivity analysis showed that the benefits, in person-years of life saved andcancers
prevented, accruing from a three-yearly screening routine were sensitive to a decline in attendance
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and a lossof sensitivity of the screening procedure. The net societal cost of this screening routine
was most sensitive to a loss of specificity of the screening procedure and, to a much lesser extent,
increases in the attendance level. Surprisingly, the change in the public-private mixof the treatment
of preinvasive disease did not greatly influence the net societal cost, though it did effect the degree
of monetary savings achieved by the public hospital service. Most of these savings by the public
hospitals became coststo women as more women were treated privately for preinvasive disease in
this analysis. However, it is probably too simplistic to assume thatthe transfer of thetreatment of
preinvasive disease to the private sector would not influence the proportion of women treated for
positive smears. There would be a financial incentive to try to increase the sensitivity of the
screening procedure and change the criteria for the classification of a positive test requiring
diagnosis or treatment. There is ample scope in the scale of detectable cytological abnormalities for
this to occur. Therefore, I do not feel that the model incorporates the appropriate parameters to fully
assess the impact of changes in the relative sizes of the public andprivate sector involvement on
the treatment of preinvasive disease.
A fall in the sensitivity or specificity of the screening procedure resulted in increased costs
per benefit achieved for routine 3 relative to no screening activity. Fora specificity of 0.90, a level
achieved by cervicography (Campion 1988), over 10% of screening procedures were positive
resulting in a 470% increase in the requirement for colpcecoprsts.
The cost-effectiveness of a possible consequence (routine 5) of screening at leastthreeyearly, compared to a three-yearly screening programme, waspoor. Indeed, using this simulation
model appreciable costs were incurred for no measurable benefit in this analysis. This might be
because a much largerpopulation would need to be simulated for the extrabenefit from routine 5
over routine 3 to be evident. However, the 500,000 females simulated here represented about
one-third of the present female population in NewZealand.
Including smears taken in pregnancy resulted in an improvement in the cost-benefit ratios of
routine 3 compared to no screening activity. As the costsof smears taken in pregnancy were much
lower than formal smears, some small benefit wasgained for an acceptable cost. Also, the lower
attendance for screening among women with undetected abnormalities did notapply to smears
taken during pregnancy. The administrative costof rescheduling the nextsmear for women who
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have hada smeartaken during their pregnancy, though not costed in this analysis, could be
expected to be small.
For a more general assessment of the sensitivity of the model to changes in the natural
history of cervical cancer and a selection of parameters the reader is referred to Parkin (1985). The
natural history of cervical cancer can also be modelled by using failure time distributions commonly
used in the branch of mathematics and statistics called reliability theory (vanOortmarssen et al.
1981). Parkin (1986) has used this approach to estimate the duration of time women of the starting
population have spent with cervical abnormalities priorto simulation of the screening routines.
7.4.5.

The manpower required
When estimating the manpower required for the screening programmes, the colposcopic

loadwas the mostdifficult to predict. This obviously depends on the detection rate of the
abnormalities accepted as positive on screening. The low level of attendance among women with
undetected cervical abnormalities in the screening routines simulated may have been unduly low.
Higher levels of attendance for screening among women with undetected abnormal states would be
expected to greatly increase the colposcopic work load. However, the proportion of abnormalities
detected referred and the definition of what needs to be referred to colposcopists, the probability of
success in the initial treatment and the follow up decisions used, arealso very important
determinants of the load. Also, if there were not enough colposcopists for estimated current
screening practice, this service would be put undergreater loadby moving to a three-yearly
screening programme. Suprisingly, in this analysis the annual requirement for colposcopists in fulltime equivalents was lowfor the 100,000 people simulated. Forthree-yearly screening the annual
requirement was 0.15full-time equivalents per 100,000 females. At Dunedin Hospital, as the
number of women examined by colposcopy hasincreased, the proportion found to have abnormal
histology has declined (Chang 1987). This might suggest increasing referral of milder cytological
abnormalities over time possibly because of an expanding public andprivate colposcopy service
and a decrease in the specificity (or sensitivity) of the screening procedure, an increased screening
frequency or a decreased screening coverage of women most at riskof preinvasive disease (since
the prevalence of abnormalities in the population is unlikely to be decreasing rapidly). Early in the
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use of colposcopy, more failures of the initial treatment are likely to occur dueto inexperience with
the technique. This would place greater demand on colposcopic follow up because of the further
treatment required unless another mode of treatment was necessary. However, the other treatment
is likely to involve the same personnel. Also, the movement from estimated current screening
practice to, saythree-yearly screening, means the detection rate of abnormalities would increase for
the first few years. In the first three years of implementing three-yearly screening, twice the
estimated number of full-time equivalent colposcopists might be required. This is stillrelatively few
colposcopists, according to the present analysis. The increased number of smears taken in the first

year or two of implementing the three-yearly routine also produced an increase in the numbers of
cytotechnologists and cytopathologists required, above the yearly average for the twenty years
simulated.
The estimated number of full-time cytotechnicians required using the Icelandic estimates
wastwice the minimum recommendation in Canada. It was considered better to have greater than
the minimum number of cytotechnicians, if a minimum number of cytopathologists were available,
than using minimum values for bothgroups. Thiswas because of the greater effectiveness of the
Iceland cervical screening service andthe shorter time required to train the extra cytotechnicians for
an expanding service. The requirement for cytotechnicians using the Canadian minimum
requirements are obtained by halving the full-time equivalents estimated from the Icelandic
estimates.
Moving from estimated current screening practice to a three-yearly screening routine
required about a 20%increase in colposcopist full-time equivalents, compared to about a 73%
increase when moving to an annual screening routine.
A 20% increase in cytotechnicians andcytopathologists was also required in moving from
the estimate of current screening practice to a three-yearly screening routine. Moving to an annual
screening routine required a 150% increase in manpower for bothof these occupational groups.
Moving to a possible consequence of the current screening recommendations (Skegg et
al. 1985), routine 5, from estimated current screening practice, required a 48%increase in

cytotechnicians and cytopathologists but onlya 27% increase in colposcopists. Thiswas because
more smears were processed but a smaller proportion were positive.
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The 91.4% reduction in invasive cervical cancer forwomen aged 35 to 64years withat least
two previous negative screening procedures achievable in the most organized screening
programmes in the world (IARC Working Group on Cervical Cancer Screening 1986) for a threeyearly screening routine, was similar to the reduction achieved among women 25to 64 years of age
in this simulation. The slightly lowereffectiveness of the three-yearly screening routine in this
simulation wasprobably due to the sensitivity of 0.70for the screening procedure and the losses to
follow up of abnormalities in this simulation, resulting in a lower programme sensitivity (see table
8.2). Organized screening programmes can probably achieve a sensitivity of the screening
procedure slightly above 0.70, but even large opportunistic screening programmes, such as in
British Columbia, mayhave had a programme sensitivity of onlyabout 0.60 (IARC Working Group on
Cervical Cancer Screening 1986). The benefits gained perannum were lower in thisanalysis than
Parkin (1985) estimated for Great Britain. Thiswasdueto the lower attendance for screening used
for women with undetected abnormalities, the lower prevalence of dysplasia and lower birth cohort
factors used to weight the transition rates to dysplasia for women without abnormalities assumed in
this analysis. Parkin (1985) simulated attendances at sexually transmitted disease and gynaecology
clinics. He.also included health service contacts for oralcontraceptive use. These incidental
screening attendances among women with an increased risk of cervical cancer were notincluded in
this analysis. Screening of pregnant women and oralcontraceptive users was considered to
produce littlebenefit for relatively high cost by Parkin and Moss (1986). However, they suggested
that incidental smears be valued at one-half ofthe cost of formal smears. This study suggests that
incidental smears could be valued at one-quarter of the cost of a formal smear. Forthethree-yearly
screening routine, smears taken during pregnancy appeared to be cost-effective in this analysis.
Pregnancy smears for women within the routine age range but outside the recommended
screening interval should be included in an organized screening programme.
Parkin and Moss (1986) performed a very simple cost-effectiveness analysis. They used
screening units (the cost of a screening procedure) as a measure of cost and some crude measures
of the costs, in screening unit equivalents, of managing or treating falsepositives and disease
states. When the costsof treatment are given in screening units in this analysis, the costs of false
positives andof treating dysplasia were much higher thanthose given by Parkin and Moss (1986).
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The costs in screening unitsfor the treatment of carcinoma in situ, microinvasive cancer and invasive
cancer in this analysis lie between their'high cost' and'Iow cost' estimates. The cost of treating
carcinoma in situ or invasive cancer, when expressed in screening units, in the United States of
America (Eddy 1987) appears much greater thanthe estimates of Parkin or myself. Estimates of the
costs, in screening units, in the United States for the treatment of dysplasia or microinvasive cancer
could not be calculated from Eddy (1987). Eddy (1987) also included the costs of death from other
disease for those women for whom death fromcancer wasprevented. This has not been included
in this or most othercost-effectiveness studies of cervical screening.
When simulating a three-yearly screening policy, Parkin (1985) found that a greater
proportion of smears were positive than in this analysis. However, his age range was 25 to 65 years
of age, rather than 20 to 64 years of age in this analysis, and he usedhigher birth cohort factors to
create a higherincidence rate for dysplasia among young women. The age-specific prevalence of
undetected dysplasia in the population, otherthings being equal, strongly influences the demand
for colposcopy services. Olderwomen maybe more likely to undergo cone biopsy for cytological
abnormalities. Therefore, the age distribution of the women with positive cytology is important. This
requires further examination.
The effects of low attendance for screening among women 65 or more years of age need to
be assessed. The National Cancer Institute (Greenwald andSondik 1986) in the United States have
suggested obtaining an 80% attendance for cervical screening (from 57%attendance) for women
40 to 70 years of age by the year 2000.
The analysis described above could be improved in several ways. The misclassification of
some of the component costs of the treatment of preinvasive disease for the proportion treated by
the private sector mentioned in section 7.4.2 could have beenavoided. Similarly, for consistency
with the incidence rates of dysplasia, the prevalence of dysplasia among women under 30 years of
age in the starting population could have been lower. The effects of using alternative birthcohort
weights to the age-specific incidence rates of dysplasia could be evaluated. The separation of
dysplasia fromcarcinoma in situ in this model would allow the inclusion of the natural history of
human papillomavirus infection, should it be determined clearly and if stronger evidence of an
aetiological role emerges (IARC 1988). If gynaecological management of cervical intraepithelial
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neoplasia becomes determined by the presence or absence of human papillomavirus, then it will
need to be included in the model anyway. Accurate estimates of the age-specific prevalence of
dysplasia andcarcinoma in situ would greatly improve the ability to planthe diagnosis andtreatment
components of cervical screening services in NewZealand. When goodprevalence estimates are
available, simulating the effect of altering the assumptions of the model of the natural history could
become worthwhile. The attendance for screening of women with undetected abnormalities
requires estimation so that the model can more accurately assess the magnitude of the benefits of
screening routines. Additionally, the growing proportion of young to middle aged Maori women
suggests that ethnic variations should be included in the model. Thiswould notbe easy because a
paucity of critical datafor the total NewZealand population already exists. Accurate ethnic specific
estimates maybe even harderto produce.
The most critical parameters, the sensitivity and specificity of the screening procedure, are
currently unavailable for any region in New Zealand. This is a serious gap in the monitoring of our
cervical screening service. Yet, the specificity of the screening procedure would be relatively easy
to measure if the-number ofwomen who have hadnegative smears overa fixed time interval was
known.
The simulation should be repeated using 1989values for the costs involved when they
become available. The costs of publichospital treatment should be available soon through the
implementation of the Resource Utilization System being introduced into NewZealand hospitals for
costing procedures so that imputed values fromthe private sector for the treatment of preinvasive
disease should no longerbe needed. Changes in screening practice also need to be included. For
example, the cost of two smears should be included in the government costsof a screening
procedure of an increasing proportion of women. This would reflect the use of the cytobrush in the
screening examination. The cost and benefits of a bimanual vaginal examination forthe proportion
of women for whomthis is included as partof the screening procedure might also be included. The
possible influence of screening tests for chlamydia, concurrently withthe cervical smear, andthe
follow up costs of chlamydia detected could be simulated. The treatment methods for preinvasive
disease continue to change. The proportion receiving locally destructive treatment compared to
cone biopsy and hysterectomy in different age groups requires inclusion in the model. The
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protocol used in the followup of preinvasive disease was shown to be an important component of
the cost of preinvasive disease in this analysis and requires further evaluation. This appears
particularly relevant to estimates of the requirementfor colposcopic services. Eddy (1987) has also
differentiated the costsof the treatment of invasive cancer by the degree of spread of the disease at
the time of diagnosis.
If relevant quality of life estimates were available, this analysis could easily be improved by
including utilities. This model, or a simplified version, could be used as a educational aidfor the
personnel involved in a cervical screening programme. It would be easy to illustrate the effects of
clinical decisions or cytological reading errors to people involved in a screening programme.
This model could also probably be extended to include the sexual behaviour of men and
women andthe riskof invasive cervical cancer withdifferent natural histories. This extension would
be dependent on accurate information on the sexual histories and activity of men andwomen.
Cigarette smoking might also be included in subsequent revisions of this model. These initiatives
would extend this simulation approach to the assessment of the primary prevention of disease. This
would seem to be the natural extension of thiswork andcouldinclude both sexes anda wider range
of diseases to produce a primary prevention simulation model. Cost-effectiveness analysis of
combined preventive medicine activities could then be incorporated.
7.4.6.

The 1985 cervical screening recommendations
The 1985cervical screening recommendations have been an important first step in

reaffirming the value of cervical screening for the NewZealand health service. These
recommendations have been valuable in attaining a greaterunderstanding in New Zealand of the
complexities of cervical screening. However, specific management protocols for the management
of cervical abnormalities detected, improved follow up of women with abnormalities and a national
cervical screening programme have been slowto develop overthe subsequent 4 years. The
present initiatives facilitated by the Department of Health have been primarily dueto the
recommendations of the Cervical Cancer Inquiry (Cartwright 1988) which recommended thatthe
establishment of a national cervical screening programme should be the responsibility of the
Department. The following criticisms of the 1985 recommendations are intended to illustrate why
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more specific recommendations are now required for the development of a national cervical
screening programme. The range of screening frequencies recommended under the current
screening recommendations might be supported by the following arguments.
Firstly, there is a concern among clinicians thatcervical cancer maybe, or has become more
rapidly progressive among younger women and women at highimmediate riskof developing the
disease. Gynaecologists have suggested that an annual screening frequency be supported
because of such anecdotal evidence while acknowledging that three-yearly screening is more
rational (Shield

et al. 1987). This mayreflect an attachment thatmany clinicians feeltowards

screening annually (possibly through a desire to promote an annual medical examination) andthat
arguments supported by good evidence need not be persuasive. Several studies have notfound
evidence for a different induction period or a poorer prognosis for cervical cancer among young
women (IARC Working Group on Cervical Cancer Screening 1986; Ashby 1987; Russell et al. 1987;
Smales et al. 1987; Milner and Watts 1987; Robertson et al. 1988; Meanwell et al. 1988). Survival
rates for invasive cervical cancer are much greater for younger women thanolderwomen withthe
disease. lndeed.rnoreintense screening among younger women could be expected to cause a
greater proportion of the younger women with clinical invasive cervical cancer to have more
agressive tumours and a poorer prognosis dueto the length bias associated with cervical
abnormalities detected by screening. This is because disease of shorter duration, or more rapidly
progressive, is more likelyto arise between screening procedures and escape detection while
those with a longernatural history, andtherefore presumably a betterprognosis, would be detected
andtreated at an early or preinvasive stage. So,while the overall number of cancers may decline
due to an effective screening programme, the proportion of these cancers that appear rapidly
progressive could be expected to increase. However, the course of preinvasive disease maynot
be related to the time course of invasive disease but survival rates for cervical cancer are affected by
screening (Funch 1986). Also, if the screening procedure has a greatersensitivity forthe detection
of squamous dysplasia than other histological preinvasive states, the proportion of invasive cervical
cancer dueto adenocarcinoma would increase. Changes in the presentation of invasive cervical
cancer that are consistent with these effects of cervical screening have been reported (Elliott

et al.

1989). With a greatly increased riskof cervical cancer among younger women and an effective
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screening programme, a clinician may not see a reduction in the number of women with invasive
disease but might see an increased number of women with rapidly progressive tumours. The
perception of clinicians may encourage them to suggest an annual screening frequency to try and
reduce the proportion invasive disease that appears rapidly progressive but paradoxically this could
increase the proportion of women with invasive cancer that have rapidly progressive disease,
though some small additional reduction in the incidence of cervical cancer fromannual screening
compared to 3-yearly screening might be attained. Even if cervical cancer wasmore likely to be
more rapidly progressive among young women, suggesting an annual screening frequency for all
age groups up to 64 years of age would not be indicated.
A second argument in favour of annual screening has been that this is the preference
stated by some consumer groups. Annual screening may be preferred by health conscious women
but women most at riskof developing cervical cancer might have the lowest level of health
consciousness. Toofrequent invitations to have a smear may create some resentment among a few
women and could result in too frequent treatment of cervical abnormalities thatwould have
regressed without treatment. However, annual screening may be unlikely to create concern among
most women. If women carrythe greatest burden of the costof a screening programme they might
be expected to have the greatest say in the typeof screening programme that results. Though,
they are notthe onlycontributors to the financial costs of theprogramme. If it is increasing the lives
saved that is to be the objective of a screening programme, and lives areconsidered to be
sacrosanct implying an infinite value, then weekly screening would be a more appropriate screening
interval. Therefore, advocates of an annual screening programme stillplace a monetary value on
lives saved and cancers prevented but at a much greater value than advocates of a three-yearly
screening policy. Annual poorly organized screening will not achieve the same benefits as threeyearly wellorganized screening and would cost much more. When a three-yearly screening policy
has been introduced then it might be reasonable to consider moving to an annual screening policy if
the marginal cost-benefit ratio was considered favourable. An annual screening programme will also
greatly increase the administration required and could be expected to increase the number of
potentially catastrophic administrative errors leading to a lossof confidence in the screening
organization. An argument in favour of annual screening that may be used is thatthe 1985

313
recommendations have resulted in the screening practice similar to routine 1 which has probably not
resulted in 80%of women aged 20to 64 years having a smear within the lastthree years. But,
would an annual screening policy have achieved this? I doubt it; If the-screening policy was
intended to reach this measurable objective within one yearit could be saidto have failed.
However, this would be unreasonable but could be a target to be achieved by the end of 1990.
But, no measurable objectives were included in the 1985 recommendations so the intent of the
policy was not specified but mightbe inferred from the specific reference to the predicted 90%
reduction in invasive cancer considered to be achievable by a three-yearly screening policy for
women who have hadat least two previous negative smears and arebetween 35 and 64 years of
age (IARC Working Group on Cervical Cancer Screening 1986).
Thirdly, it might suggested that if three-yearly screening were recommended many women
would have a smear lessfrequently because of delays in answering the invitation to have a smear.
But, 85%to 90% of women will see their doctorin a yearandthe predicted benefits of screening
three-yearly have been based on existing screening programmes (IARC Working Group on Cervical
Cancer Screening 1986) which include suchdelays. For mammographic screening of breast
cancer, where the leadtime available from early diagnosis is estimated to be only 1.7to 2.3years
andwhich is therefore more vulnerable to any unnecessary prolongement of the screening interval,
the recommendations have chosen a specific screening interval of two years. I feel the 1985
screening recommendations have encouraged a disorganized screening service (though an
improvement on the past in manyways) by not specifying a fixed screening interval. Despite these
criticisms, it was necessary to compromise at thetimeto avoid overt disagreement withthe
recommendations. Sufficient flexibility about the choice of screening interval to accomodate the
screening programmes of individual clinicians was considered necessary. Screening programmes
with different recommended screening intervals may result in some confusion for the participants.
Another argument might be that a computer simulation maynotpredict human behaviour well. That
is why routine 1 was developed fromthe empirical dataof the self reported screening behaviour of
women in NewZealand and a variable screening interval for women 20 to 64 years of age that could
occuras a consequence of the current screening recommendations (routine 5) was assessed in this
analysis.
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The current recommendations (Skeg'g et al. 1985) allow informal tailoring of screening
schedules to the perceived risk of individual women. However, suggesting that this could be a
reason for screening 'at least' three-yearly andthenspecifically stating that 'Wedo notrecommend
that the frequency of screening should be related to a woman's perceived risk category' appears
contradictory. Presumably the perception of riskwould be the doctor's for many women since
cervical smears are less likely to be performed fromthe requests of women. Howaccurate a doctor's
perception of a woman's riskof invasive cervical cancer is has notbeen measured in New Zealand.
Any reliance on a doctor's perceptions of a woman's risk, except when an accurate clinical history
suggests otherwise, mayalsocontribute to the disorganization of the screening service. The main
determinant of the screening interval should be the natural history of the disease. Their is no
evidence that the development of cervical cancer is more rapid among high riskwomen. However,
this analysis has shown an increased benefit fromtargeting screening to women of greater risk by
increasing the attendance of these women providing they are able to be accurately identified.
The arguments in favourof recommending screening more frequently thanthree-yearly
appear weakbut have strong support in some sectors. The main drawback of the 1985
recommendations is that while they may be suitable clinical guidelines they are not able to be
described in the operational terms required for an organized screening programme. Such an
organized screening programme would require measurable objectives of bothoutcome and
processes to be obtained within its first three years, say, of operation. The recommendations
avoided suggesting an organized cervical screening service for NewZealand, however Judge Silvia
Cartwright has been able to be moreforthright (Cartwright 1988). Despite describing some aspects
of the disorganized nature of NewZealand's cervical screening service at the time, theterm
'organized screening' appears to have been avoided by the authors of the 1985 recommendations.
Judge Cartwright has recommended a national population-based cervical screening programme
which has had funds approved by government and will soon be implemented. An organized
national screening programme needs to have a specific operational policy which is consistent with
the clinical recommendations of 1985.
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7.4.7.

Conclusions and recommendations

A detailed evaluation of cervical screening services in NewZealand is possible using this
simulation approach. This method of evaluation provides an ability to plan in detail andassist the
management of the cervical screening service in NewZealand. To do this well requires an
improvement, and in manycases a refinement, of the datacollected at present. Nevertheless, it is
possible. Collection of information relevant to planning cervical screening services should exist in a
single information base. Thiswould greatly facilitate the practical application of the information and
provide a focus for the reason the information is being collected. Thisis not occurring at present.
Also, the economic information required has been difficult to obtain.
The currently recommended interval for cervical screening (Skegg et al. 1985) is vague. It
does not represent a specific screening frequency and its effects are not measurable with suitable
precision. Relative to three-yearly screening, it may waste resources, both in manpower and in
funding, anddoes not appear to be justified economically. The recommendations aredifficult to
assess, because of a lackof measurable parameters in the policy, andareopento a wide range of
applications. This may be politically desirable for a global unifying policy document but it does not
allow accurate planning or administration.
The recommendation that a woman who hasnever had a smear should have a repeat smear
in oneyearto reduce the chance of initially failing to detect women with significant preinvasive
disease also requires evaluation because it may cause increasing demands on the screening
service in the first few years of the transition to the policy fromcurrent practice (routine 1). As the
relative protection of a previous negative smear is lowafterten years in the most organized
screening programmes in the world (IARC Working Group on Cervical Cancer Screening 1986), the
effect of extending this recommendation to women who have nothada smear for 10or more years
should be simulated. In the light of current evidence about benefits and costs, it is concluded that
three-yearly screening should be recommended. When accurate estimates of the age-specific
prevalence of dysplasia andcarcinoma in situ (orCIN Ill) areavailable or stronger evidence of a
change in the natural history of preinvasive disease emerges, this screening interval might then be
reviewed.
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The sensitivity and specificity of the screening procedure, preferably for different partsof
the country, need to be measured as a matter of urgency. Improvements in the screening service
can then be measured rather than believed to have resulted from any changes to the cervical
screening service in New Zealand. A sensitivity of over 0.70 anda specificity of over0.995 for the
screening procedure could be an immediate aimof a cervical screening programme. The screening
procedure differs from the screening test because it includes the decision rules associated with the
smear test, or tests. Forexample, the screening procedure increasingly in use involves a smear with
a spatula and a smear with a cytobrush. Also, a lesser degree of cytological abnormality nowappears
to be required for referral to a colposcopist is recommended. These trends are likely to have
produced significant changes in the sensitivity and specificity of the screening procedure in New
Zealand. The overall sensitivity of a screening programme, which is lower thanthe sensitivity of the
screening procedure itself because of failures of followup for women with abnormalities detected
andfailures of treatment, might be estimated fromthe accurate screening histories of women who
are registered with invasive cervical cancer and a group of appropriate controls (IARC Working Group
on Cervical Cancer SCreening 1986). The age-specific prevalence of dysplasia and carcinoma in
situfor a suitable sample of women in the population also need to be measured.
Themanagement of women registered with cervical intraepithelial neoplasia III (CIN Ill) by the
Cancer Registry should be monitored to assess failures of therapy. The registration coverage of CIN
III by the Cancer Registry needs to be improved andthe screening histories andtreatment of these
women documented. Women registered with invasive cancer detected by screening need to be
identified by the Cancer Registry andthe screening histories of all women withinvasive cervical
cancer documented. The reasons that women with invasive cancer have not been detected earlier
by screening can then be assessed. If this information can notbe recorded for allwomen, then a
special study at suitable intervals would be valuable. The investigation of women who develop
invasive cervical cancer, the failures of a screening programme, can indicate where worthwhile
initiatives could be promoted. With steps such as these, health administrators would have more
satisfactory information on which to base an effective and efficient programme for controlling cervical
cancer in NewZealand.
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Chapter 8

Conclusions and Recommendations
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8.1. Conclusions and recommendations for further
research
8.1.1.

Overview
Thisthesis has examined the epidemiology of cervical cancerand its control in New

Zealand. The most important result of the epidemiology of cervical cancer is that most of it is
preventable in NewZealand through the appropriate use of the available resources. Cervical cancer
can be considered to be predominantly a rare complication of a common sexually transmitted
infection with an asymptomatic preinvasive detectable phase. I have applied epidemiological
methods to the available information about cervical cancer to examine the trends in cervical cancer
and assess the impact of the cervical screening service in NewZealand. A model for assessing the
cost-effectiveness of screening services in New Zealand has also been developed.

8.1.2. Worldwide trends In cervical cancer
Theworldwide variation in the mortality andincidence of cervical cancer appears to be
predominantly due to the culturally determined sexual behaviour of men andwomen (Skegg et al.
1982) and the effectiveness of cervical screening services (Hakama 1982). Trends in the mortality
and incidence of cervical cancerare also likely to be predominantly influenced by changes in these
major riskfactors. The increased risk of cervical cancer among recent generations of young women
in NewZealand has beenpart of a worldwide phenomenon among manywestern countries (Hill and
Adelstein 1967; Cook and Draper1984;Holman and Armstrong 1987; Ayiomamitis 1987) indicating
that adolescence and early adulthood is the major riskperiod for exposure to the causal or
promoting agents. It may be hoped that this increased risk among recent generations of women will
not occurin the developing nations manyof whom already have very high mortality and incidence
rates of cervical cancer.
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8.1.3. Stage distribution, survival arid geographical distribution of cervical
cancer In New Zealand
Relatively little epidemiological information hasbeen available about cervical cancer in New
Zealand. The assessment of cervical cancer in New Zealand in chapter 2 and research into the
history of cervical screening in section 4.1 describe the epidemiological information that hasbeen
available. Important deficiencies in our knowledge of cervical cancer in NewZealand continue. Early
stage invasive cervical cancer represents a greater proportion of invasive cervical cancer in younger
women than in olderwomen. More intense screening among younger women accentuates this
difference in the stage distribution between young andold. Although survival from cervical cancer
has not been monitored regularly, it has been estimated for the 1950 to 1952and 1968 to 1970
timeperiods. These estimates suggest that the survival rates of cervical cancer for each stage of the
disease improved between these time periods. There has probably been little improvement in
survival from cervical cancer since the 1968to 1970 timeperiod. However, the estimated survival is
not available by agegroup, social class, geographical region or ethnicity for each stage of the
disease and untreated cases appearto have been considered differently in the two time periods.
While the geographical distribution of cervical cancer mortality is available for the 1974 to
1978 time period (Borman 1982), the age-standardized incidence rate and stage distribution of
invasive cervical cancer andthe registration rate of carcinoma in situ by geographical region is not
available. Information about these epidemiological variables andtrends in them by geographical
region (preferably the newArea Health Board regions of 1 October 1989) need to be published so
that Area Health Boards can be in a position to evaluate their local needs should more responsibility
for screening services be devolved to them.
8.1.4.

The cervical screening service In New Zealand
Little evidence exists that cervical screening has been effective in reducing the mortality or

incidence of cervical cancer in NewZealand (see chapter 3) butthe prevention of invasive cervical
cancer among women may have gradually increased overthe last30 years, particularly among
younger women (seechapter 4). Therewas some suggestion from the trends in the mortality and
incidence of cervical cancer in chapter 3 that a reduction might have resulted about the early 1970's
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(from the introduction of cervical screening lnthe early 1960's) butthis maynothave been
sustained or improved on. However. section 4.2 suggests that the risk of cervical cancer among
recent generations of women in New Zealand would have been greater without the cervical
screening activity that did occur. Obvious favourable effects of screening on the mortality and
incidence of cervical cancer that have been clearly seen in several countries (Hakama 1982; Laara et

al. 1987) were not seen in NewZealand. Section 4.1 suggests that the impact on cervical cancer
incidence of the registrations of carcinoma in situ in New Zealand can be expected to have
produced a significant decrease in the incidence of cervical cancer by the early 1980's. However.
we can ensure. rather than hope, that the cervical screening service will be effective in the future if
the necessary changes to the screening service can be implemented (World Health Organisation
1986a). This requires evaluating the existing screening service. Chapters 2 to 7 are part of that
evaluation.
The analysis of the trends in the incidence and stage distribution of cervical cancer has only
been possible because of the recording of new cases of cancer by the Cancer Registry overan
extended period of time. The analysis of the registrations of carcinoma in situ by the Cancer
Registry has been almost the onlywayof assessing pastscreening activity in New Zealand. This
was not ideal because changes in the registration rates of carcinoma in situ can occur due to factors
unrelated to screening coverage. Reliance on the registrations of carcinoma in situ to indicate
screening activity will not provide adequate detail for the future assessment or planning of the
cervical screening service in New Zealand. Newinformation systems are required to monitor and
evaluate cervical cancer and the effects of screening in NewZealand. For example, the relatively
high hysterectomy rate in NewZealand means that the population at riskof cervical cancer may need
to be more precisely determined in future. The numbers of women at riskby age, social class and
ethnic group who have never hada smear and have hada smear within the previous 3 years within
the Area Health Board regions (when they are established by October 1, 1989) and for the nation
need to be determined from cytological records. This information is not available. If this information
were available. the expected future reduction in the mortality and incidence of cervical cancer could
be estimated accurately and compared to that achieved. Even the number of women in New
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Zealand screened within the last3 years can'notbe estimated. Thiscontinues to be a serious
deficiency of the present screening service in NewZealand.
Masspopulation cervical screening programmes have not been supported by all health
service providers in NewZealand. The enthusiasm for population-based screening programmes in
the early 1960's aimed directly to women were notfully supported by the Royal College of General
Practitioners (MarshaIl1962b). Special clinics were set up in some of these cervical screening
campaigns. Because these campaigns were not integrated intothe health service structure and
because of the well-publicized scepticism of Green (1966), this screening activity was not
sustainable overthe decades required for an obvious decline in cervical cancer mortality to be
observed. This resulted in the absence of any organized cervical screening service in NewZealand
and an unsatisfactory reliance on individual doctors which did not significantly reduce cervical cancer
mortality in New Zealand. Recent improvements by individual doctors to the screening service in
NewZealand (Moodie 1986; Reid 1986) mayor may not have improved our screening service to the
level existing in Australia or Great Britain. Neither Australia norGreat Britain have been shown to
have very effective cervical screening services (Armstrong andHolman1981; Parkin et el. 1985).
Chapter 6 found that the screening activity in the Otago region from 1985 to 1988 mayhave been
lower than in Western Australia (Armstrong et al. 1986b). The evidence of the effectiveness of an
organized cervical screening programme (World Health Organisation 1986a) indicates that the
reliance on separate screening programmes established by individual practitioners should be
considered experimental.
The implementation of the cervical screening service in NewZealand has been strongly
influenced by: senior members of the Postgraduate School of Obstetrics and Gynaecology in
Auckland and other influential gynaecologists, pathologists, the Cancer Society of New Zealand
andthe Royal College of General Practitioners. Recently, the Department of Health have been
assigned the job of providing a national population-based cervical screening programme afterthe
views of women hadbeengiven some prominence (Cartwright 1988). These four groups andthe
women of NewZealand are likelyto continue to be the main influences on the implementation of the
cervical screening service. The Department of Health is now attempting to provide the leadership
for the organization of an effective cervical screening service. Departments of Preventive and
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Social Medicine or Community Health in the universities are likely to continue to be involved in
evaluating the natural history of cervical cancer and any associated conditions andthe effectiveness
and efficiency of screening services.
The Cancer Registry has not routinely monitored the trends in cancer incidence in detailbut
should be involved in evaluating both screening services andthe treatment of bothcancer and
proven preinvasive disease (Parkin and Day1985; Skegg 1989). No minimum operational
requirements for a screening programme have been set. These would need to be determined for
smear takers, laboratories and gynaecologists by the group or institution identified as being
responsible for the organization of the cervical screening service. At present, this is the Department
of Health. The general practitioner is likely to remain the most powerful influence on the nature and
population coverage of the screening service offered to women.
The identification of women who have had inadequate or no treatment for previous
preinvasive disease and providing themwith adequate care would provide the greatest short-term
reduction in the expected mortality and incidence of cervical cancer. There is evidence thatthis has
been a serious deficiency intheNewZealand screening service (Cartwright 1988) and thatit has not
been just a failing in the Auckland area (MacLean et al. 1985). It is recommended thatresources
should be directed at trying to correct this failing so that the favourable effects of past screening
activity can be maximized. If possible, targeting screening to these individuals would appear
worthwhile as the clinical outcome for these women is a particular responsibility of the health service.
This would be a considerable clerical task andsensitive recall of such women would be necessary.
A pilotstudy to see what can be achieved by a medical audit of women who have had previous
abnormal smears is as urgent now in NewZealand as it wasin 1985 (MacLean et al. 1985). This is
currently being investigated at National Women's Hospital but might be worth pursuing by the
Department of Health and Area Health Boards throughout the country through the pathology
laboratories. This would be one method of targeting resources towards women most at risk of
developing cervical cancer in the immediate future in NewZealand.
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8.1.5.

Cervical cancer Incidence and mortality In New Zealand
Green (1978) first noticed the increasing incidence andmortality of cervical cancer among

young women which hasbeen confirmed in chapter 3. This increased riskof cervical cancer was
shown in chapter 3 to be determined by the different levels of riskof successive generations of
women (With an increasing riskfor successive generations born since the late 1930's). Differences
in the sexual behaviour of women and their sexual partners were considered to have been
important explanations of the trends observed. A decrease in the use of barrier methods of
contraception associated withthe availability of the oral contraceptive pill might have also
contributed to the increased riskof cervical cancer among recent generations of women. Cigarette
smoking has also increased among young women and might have also been important in increasing
the risk among younger women. While screening might have reduced the riskof invasive cervical
cancer among these recent generations (see chapter 4), it hasbeen more ineffectual than it need
have been. Sometimes women with abnormal smears have notbeen appropriately followed up
(MacLean et al. 1985) or treated (Cartwright 1988). Adequate sterilization procedures might not
have been used for vaginal specula (Skegg and Paul 1986; Boyd et al. 1987) or fitting diaphragms
(MacPherson 1986) in NewZealand. In the case of the poorsterilization of equipment or the reuse
of disposable specula, screening mighteven have contributed to an increased riskof cervical
cancer among some otherwise low risk women, though the infectiousness of poorly sterilized
equipment remains only a theoretical possibility. These arevery serious problems forthe cervical
screening service requiring resources that might otherwise be usedto extend the screening
coverage of the population at risk and making otherimprovements to the service.
8.1.6.

Projections of cervical cancer Incidence and mortality In New Zealand
Some possible outcomes of this evolving epidemic of cervical cancer were described in

chapter 3. These projections suggest that up to 500 women may develop invasive cervical cancer
and 150women maydie of it each year by the turnof the century (just over10years away) if the
cervical screening service in NewZealand is notimproved. Further, the projections of the incidence
and mortality of cervical cancer showthat changes in the riskfactors for the disease, for example by
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changes in the number of sexual partners of men andwomen or an increased useof barrier
methods of contraception, will have very little impact on this epidemic. Thisis because most women
who will contribute to this epidemic over the next20 years have already been exposed to the causal
agent andthe cervical screening service at present provides their only available protection from
invasive cervical cancer. Therefore, changes in exposure to the causal agent thatmight occuras a
consequence of the epidemic of the acquired immune deficiency syndrome will not noticeably
affect cervical cancer incidence or mortality for at least 15years. However, changes in sexual
behaviour may reduce the prevalence of detected preclinical disease reducing the demand on the
treatment and diagnostic services for these conditions. In contrast to the situation concerning risk
factors, favourable changes in the cervical screening service nowwould be expected to produce a
noticeable improvement on cervical cancer mortality and incidence in about 5 to 10 years. This
emphasizes the reliance of women on an effective screening service and diminishes the immediate
role of health education programmes aimed at changing sexual behaviour and methods of
contraception in reducing the mortality from cervical cancer. The present mortality and incidence of
cervical cancer reflects the effectiveness of pastscreening activity on the mortality and incidence
that would have occurred if no cervical screening had been provided. About 80%of women who
die from cervical cancer and about 70% of women who develop cervical cancer are 40 or more years
of age. Maintaining a high level of recent participation among women 40 or more years of age in the
cervical screening service is an important determinant of its overall effectiveness.
8.1.7. Ethnic variation In the risk of cervical cancer In New Zealand
Despite variations in the definitions of ethnicity and residency in New Zealand in the official
datacollection systems, Maori andPacific island women have a significantly increased riskof cervical
cancer. From chapter 5, it is clearthatthe difference in the mortality rates of cervical cancer between
Maori and non-Maori women has not become smaller overthe most recent 30 years, norhas the
difference in the incidence rates become smaller overthe mostrecent 20 years. This chapter also
illustrated for the firsttime the greatly increased riskof cervical cancer among Pacific island women
40 or more years of age resident in NewZealand (see table 5.3). The incidence rates of cervical
cancer among Pacific island women 40 or more years of agewere found to be some of the highest
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in the world. Possible reasons for the apparent excessive incidence of cervical cancer among New
Zealand resident Pacific island women need to be investigated.
The registration rates of carcinoma in situfor Maori women in the 1956to 1975 time period
were found to be much lowerthan would be expected fromtheir mortality and incidence rates of
cervical cancer. This suggests that the cervical screening service hasnot reached Maori women as
much as it has reached non-Maori women. However, chapter 5 suggests that young Maori women
might not have experienced an increase in the riskof cervical cancer to the same extent that young
non-Maori women undoubtedly have, but this will be clearer afterfurther years of observation.
Improvements in the delivery of the cervical screening service could reduce the differences in the
riskof cervical cancer among Maori, Pacific island andEuropean women in New Zealand. However,
changes in the official classification of ethnicity maymake the examination of future ethnic-specific
trends in the disease difficult.
Though the riskof cervical cancer is increased for Maori andPacific island women, the risk of
cervical cancer will varygreatly between individuals within any population. The targeting of
individuals for cervical screening, rather than improving the overall coverage of the screening
service, could stigmatize women unjustly as sexually promiscuous. Because the riskof cervical
cancer appears highin many Pacific island countries (Taylor et al. 1985), consideration should be
givento making available some supporting services for anyorganized cervical screening
programmes that Pacific island countries in OCeania may initiate.
8.1.8.

The pilot cervIcal screening programme
The attempt to provide an administrative service for general practitioners to improve the

coverage of cervical screening in a defined population, described in chapter 6, did not succeed.
The pilot study: attempted to organize a screening service from a poor register of the population at
risk (the published electoral roll), relied on existing information systems to uniquely identify the
cervical smears of women, was not enthusiastically supported by many general practitioners, and
importantly, women in the region did notuniversally participate. In retrospect, it was optimistic to
expect that all these criteria would have been metthrough the screening programme piloted.
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Despite this, the pilot study in chapter 6 provided valuable information about the barriers to
cervical screening and important experience of the existing screening process and the information
systems of the screening service in NewZealand. It was estimated that about 35%of the women at
risk of cervical cancer in the region registered with the programme piloted. An estimated 54% of the
population at riskwhowere sentinvitations to register withthe programme hada smear in the 33
months afterthe invitation (about 20%per year). Thiswould have been only about 60% overa 3year period despite the encouragement to have a smearprovided by the screening programme
piloted. This estimated annual screened proportion was lower than in parts of Australia (Armstrong
et al. 1986b). Screening coverage was relatively poor over the follow up period for the women

invited to participate in the screening programme, but screening coverage wasmore satisfactory
among registrants with the programme (only 26%of registrants hadnot hada smear in the 33-month
followup period). While improvements would be likelyto increase the proportion screened,
comprehensive coverage by extending the programme piloted is unlikely. However, the
advantages of providing a venue and appointment time of the woman's choice (Eardley et al. 1985)
were unavailable to the programme. The" information systems within andbetweenthe different
sectors of the health service would also need to be improved dramatically in New Zealand before the
provision of an organized screening programme could be implemented. This was a major finding of
the pilot study described in chapter 6.
Non-registrants who were screened in the follow up period had more screening procedures
per woman during the period of follow up than registrants who were screened butthe overall
screening coverage was significantly lowerfor non-registrants despite consideration of the higher
prevalence of hysterectomy likelyamong non-registrants. Non-registration also appeared to be
associated with being separated, widowed or divorced. Current smokers andex-smokers were
significantly less likely to register with the screening programme piloted. Non-registrants were also
significantly more likely to consider themselves susceptible to developing cervical cancer.
Determined efforts by the cervical screening service to break this self-fulfilling prophesy are
needed.
The pilot study in chapter 6 found that registrants were more likely to be older thanthe nonregistrants. This suggests that the invitation either, encouraged olderwomen to have a cervical
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smear and register, or olderwomen who had'cervical smears during the follow up period were more
likely to register with the programme. Women who had never hada smear tended to be under25 or
65 or more years of age.
Of the women who ~egistered with the pilotprogramme who were 40 or more years of age, a
smaller proportion of urban compared to rural women hada smear in the follow up period. Also,
younger urban women seemed less likelythan younger rural women to register with the
programme. These differences appeared to be due to the results in one region of the rural
community suggesting thatthe screening service available in the Otago areawasvariable. Yet, rural
women do not have the choices of screening facilities or doctors available to urban women. For
some women the availability of a female doctoror nurse was an important consideration for
participation. But, these same women appeared relatively health conscious in that many hadsmears
in the follow up period.
Among non-registrants, manyof the factors associated with differences in the stated past
cervical screening history in April 1986did not appear to be associated withtheir recorded
screening duringthefollow up period from November 1985 to August 1988. This maybe because
of a poorassociation of pastscreening activity with future screening activity in NewZealand,
differences between the screening history obtained from interview questions and that determined
by screening records (Waiter et al. 1988), or a change in screening practice associated withthe
increasing awareness of cervical cancer and cervical screening as a result of the publicity
surrounding the Cervical Cancer Inquiry (Cartwright 1988). It is screening practice as recorded in a
cytology screening register that is needed to indicate which women require the most
encouragement to participate in the cervical screening service in NewZealand. The results in
chapter 6 suggest that reliance on interviews to determine screening history to discern the
important barriers to screening should be assessed against the screening behaviour of women
because conclusions drawn from interviews alone maybe misleading.
For non-registrants aged 40 or older, having never asked a doctor or nurse for a cervical
smear and not knowing whether their general practitioner hada practice nurse who takes cervical
smears were important factors associated with not having a smear in the follow up period. This
suggests that the screening service has been dependent onwomen asking for cervical smears
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rather than on providers offering the service to women. Whether non-registrants were lesslikelyto
have a smear in the follow up period mayhave also been associated with being an ex-smoker and
notknowing anyone who has had an abnormal cervical smear.
8.1.9.

The costs and benefits of cervical screening
Chapter 7 illustrated the waythe methods of operations research canbe applied to health

services when sufficient epidemiological information about the natural history of a disease andthe
effect of health service interventions is known. This methodology willbe able to be applied to more
health services in the future. Chapter 7 strongly supported the adoption of a 3-yearly screening
schedule by a national cervical screening programme, bothbecause of its relative costeffectiveness compared to the other screening routines modelled, andthe demands likely to be
placed on the screening service if more frequent screening wereadopted. It is of some concern
that the current screening recommendations (Skegg et al. 1985) are consistent with frequent
screening including annual screening routines. Chapter 7 identified many of the important variables
thatthe screening service needs to measureif'itistobecomean organized programme. There is
some urgency to measure these if the cervical screening service in New Zealand is to be planned for
the future or the effects of the present service predicted. A consequence of being able to measure
these variables and predict the costs and benefits of a screening programme is that it can show
where improvements in the screening service arebest targeted. This hasthe potential to
disadvantage some sectors of the health service if changes in the methods of remuneration for
parts of the service are considered to be necessary. Managing the changes required to improve the
efficiency of cervical screening in New Zealand will be a difficult task.
The success that some countries have had in implementing an effective cervical screening
service mayhaveoccurred because the requirements of an effective screening service are
consistent with their methods of health care delivery. Therefore, it is difficult for countries with a
method of health service delivery markedly different fromthese countries to provide an effective
similar service. The United States mayhave successfully prevented an increase in the mortality from
cervical cancer among young women without an organized screening service. However, any
benefit was likelyto have been achieved relatively inefficiently (Eddy 1987). The cultural
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acceptance of a yearly medical check up in tlie United States mayhave encouraged the adoption of
an annual screening practice covering a significant proportion of the population at riskpreventing an
increase in the incidence and mortality of cervical cancer among young women. The New Zealand
health service may not have sufficient resources to provide cervical screening services as
inefficiently and women do not routinely attend medical services for an annual medical examination.
If a high coverage of the target population with a 3-year screening interval had already been
achieved in NewZealand then movement to an annual screening interval could be considered.
However, this has not yet happened. Past inefficiencies in the useof resources, for example by
concentrating screening activity among women antenatally and when seeking contraception, may
partly explain the absence of any obvious favourable effect of pastscreening activity in New
Zealand. The current screening recommendations areconsistent with a relatively inefficient use of
resources (see chapter 7) as veryfrequent screening (more than3-yearly) is notdiscouraged.

8.1.10.

Methodological Issues and areas requiring further research
The examination of the epidemiology of cervical cancer in chapter 1 found thatthe natural

history of cervical cancer and various riskfactors require further research. The relative contribution
ot male and female sexual behaviour to the riskof cervical cancer for women can be expected to
differ among countries (Skegg et al. 1982). Therefore, the degree of confounding of the risk
estimates obtained for factors associated with cervical neoplasia from not measuring the number of
sexual partners of the male partners of women will vary among the countries in which the studies
have been done.
In the presence of strong confounding variables, such as the sexual behaviour of women
andtheir partners and the screening history of women, factors that have weaker associations with
preinvasive or invasive disease may not represent real associations because complete adjustment
for the effects of these confounding variables is unlikely to be achieved. Therefore, apart from the
factors with a strong association with cervical cancer (screening history and the numbers of sexual
partners of women andtheirpartners) some doubt remains about the importance of other
associations that have been found. However, when the direction of this bias is such asto indicate
an increased association if more complete adjustment for the confounding variables had been
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possible, then the inference from the results 'is more secure. Whether smoking, oral contraceptive
use,the levelof beta-earotene andfolate in the bloodor the use of barrier methods of
contraception truly alterthe riskof cervical neoplasia remains unclear. However, the protective
effect of barriermethods of contraception mightbe anticipated fromanatomical considerations and
the association of cervical neoplasia with smoking appears to be relatively greater, though
inconsistent, than for the otherpossible risk factors.
The natural history of human papillomavirus infections andtheirrelationship to the natural
history of cervical cancer needs to be quantified because of their potential impact on screening
procedures for the precursors of invasive cervical cancer andthe management of recognizable
preinvasive disease. This has become more urgent because the management of preinvasive
disease is becoming influenced by the suspected presence or absence of human papillomaviruses.
The detection of human papillomavirus infection has been dependent on screening activity
or gynaecological clinic attendance which can produce significant biases in the prevalence
estimates obtained. The question that needs to be answered is whether human papillomavirus
infection is a preinvasive condition for cervical cancer. Carefully designed epidemiological studies
of human papillomavirus infection are urgently required. However, incident cases of these
conditions are seldom studied and inferences from case-control studies have been made from
prevalence odds ratios. A difficulty when comparing these studies is likely to be the different
sensitivities and specificities of the tests usedto determine the presence of infection. These
characteristics of the tests available need to be measured. Also, it has recently been suggested
that there maybe two different variants of human papillomavirus subtype 16 (labelled a andb) of
which onlyone is associated with cervical neoplasia (Tidy et al. 1989). While future research may
produce serological tests for human papillomavirus antibodies, epidemiological studies need not
wait for this development. The natural history of human papillomavirus maybe best studied by
cohort studies of defined populatlons since biases andtemporal relationships maybe easier to
assess using this methodology. However, cohort studies are expensive and cantake lengthy
periods to complete during which advances in knowledge maybe difficult to incorporate intothe
study design. The relatively highprevalence of preinvasive disease and human papillomavirus
infection in the population suggests that a cohort studyof women with andwithout human
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papillomavirus infection should be considered, providing reliable endpoints of the natural history of
infection can be determined. Colposcopic examination 3 to 6 monthly of sufficient numbers of
women with andwithout human papillomavirus infection for 2 to 3 years would probably be needed
to determine whether infection is an important precursor for cervical neoplasia however, the
acceptability of this strategy by women may be low. Control of, or adjustment for, strong
confounding factors would also be needed.
Two diseases with some common associated variables, such asthe numbers of sexual
partners of men andwomen, and a similar natural history will appear to be associated. One sexually
transmitted disease need notbe a causal mechanism for the other but can be strongly associated
with it through sharing common risk factors. Numerous other aspects of the epidemiology of human
papillomavirus infection need to be described but only its relevance to cervical neoplasia is
important for the prevention of cervical cancer.
The case-control methodology is sound. However, too much reliance on advanced
statistical techniques to adjust for potential confounding variables is unwise. Forexample, logistic
regression is increasingly being expected to control for numerous variables which arethemselves
known to be correlated with each other. Suchcollinearity would usually need to be strong for
significant interactions to require inclusion in such multiplicative models of the riskof disease.
However, strong interactions between variables are possible. The lackof multiplicative statistical
interaction does not preclude important publichealth implications of any interactions between risk
factors (Rothman 1986). Selection procedures for cases and controls, if based on decision rules
influenced by misclassification may also produce biased estimates of the riskof disease. The
measurement of confounding variables by the use of recalled information at interview would seem
particularly hazardous unless the sensitivity and specificity of the measures is known or able to be
estimated (Savitz and Baron 1989). Large collaborative studies, such as the World Health
Organization studies, increase the precision of the estimates of riskobtained and mayfind small but
statistically significant increased relative risks between the disease andthe exposure of interest but
are as prone to biasas smaller equally well designed studies. A large study to achieve statistical
precision of the risk estimates would not seemed justified unless very accurate measures of the
potentially confounding variables can also be guaranteed.
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8.2. The cervical screening service: critique and
recommendations
8.2.1.

The target population

The 1985working party (Skegg et al. 1985) recommended that all women who have had
sexual intercourse should be offered screening as soon as possible aftercommencing sexual
activity, or when receiving contraceptive advice, antenatal care, or treatment for sexually transmitted
disease. The working party also recommended that screening maybe stopped at age 65 years
provided the woman has had two recent negative smears and no previous smears have been
abnormal or doubtful.
These recommendations havebeen made from the perspective of the life history of a
woman. However, in practice changes to the screening service are made overa short period of time
for women in different episodes of their lives. Forexample, if no complete record of allthe cervical
smears of a woman is available it is unlikely thatthewoman or herdoctor canbe sure she has never
had an abnormal or dubious cervical smear. Few people taking smears are likely to have the
complete screening history of a woman available to them. Even if the screening history is available,
it maynot be easily accessible in the medical record. Therefore, most women reaching about 65 or
more years of agewill require screening now and in the future underthe 1985 recommendations.
Because the results of smears taken at venues otherthanthe general practitioner may have been
sentto the general practitioner, he or she is the person most likely to have a complete record of a
woman's screening history. However, a woman may consult another doctor for cervical smears so
that the general practitioner, while holding the screening history of a woman, maynotbe the cervical
screening adviser for her. Forwomen 65 or more years of age who are notknown to have had
previous cervical abnormalities, three consecutive negative cervical smears would appear to be
sufficient reassurance that cervical neoplasia is unlikely to be present providing they remain
asymptomatic.
Smear takers who do not have a complete summary of the results of a woman's screening
history mayassume that a woman hasnever hadan abnormal or dubious smear and suggest that
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smears are no longer needed. The poorfollow up of women in NewZealand that has occurred for
some women who have had abnormal smears (MacLean et al. 1985; Cartwright 1988) indicates that
this would be unwise. Since the cumulative registration rate (age 0 to 74 years)of carcinoma in situ
for the 1981 to 1983time perlod was 2.8%, it might be expected that at least 3% of women have
hadcervical abnormalities detected at some time before 65 years of age, though this maybe lower
among women 65 or more years of age.
Sections 7.3.2. and 4.2.3.2 suggest that neither the existing recommendations nor past
screening activity mayreduce the mortality or incidence of cervical cancer among women 75 or more
years of agewithin the next 20 years. Consideration might be given to extending the
recommended upperagefor cervical screening to at least 69 years of age and, for asymptomatic
women without a complete record of the results of theirscreening history available, this could be
extended to 74 years of age or three or more consecutive negative smears.
8.2.2.

Coverage and recall
8.2.2.1. The proportion of women at risk of cervical cancer having recent smears

Since no cervical cytology registers have existed in NewZealand the proportion of the
population at riskhaving had recent cervical smears is notknown. Coverage may be assessed by
determining the proportion of women in the target population in 5-year age groups having had a
smear within the previous 3 years. Obtaining this information from the interviews of women may
significantly overestimate this proportion (Waiter et al. 1988) and the evaluation fromcytology
registers when available is recommended.
The screening coverage of women 25 or more years of age needs to be increased in New
Zealand. Parts of Australia have seen a decrease in the screening coverage of women 30 or more
years of age (Mitchell and Medley 1987). It is not known whether this has also occurred in New
Zealand.
It is important that the changes to the cervical screening service to achieve an increased
screening coverage are incorporated into the delivery of the national cervical screening programme.
For example. a short-term media campaign, though possibly useful. could not be expected to
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produce reductions in cervical cancer mortality. A highlevel of coverage by the cervical screening
service needs to be sustainable overdecades of time.
8.2.2.2. The recall of women who have hadsmears

Eardley et al. (1985) have emphasized thatthe obstacles to recalling women for a
subsequent cervical smear are different from the obstacles to having a firstcervical smear. Most
women in the population at riskbetween 20 and 64 years of age have hada cervical smear at some
time in NewZealand. Present screening coverage is likely to be mainly influenced bythe barriers to
subsequent smears rather thanthe barriers to everhaving a smear. Therefore, the availability of
recall systems and a woman's previous experience when having a smear taken might be important
determinants of whether she has subsequent smears. Opportunistic screening may decrease the
proportion of women who have recall smears compared to an organized cervical screening
programme (Eardley et al. 1985).
Because of the publicity surrounding the Cervical Cancer Inquiry (Cartwright 1988), special
attention should be given to encouraging women to participate who might have become distrustful
of the cervical screening service in New Zealand.
Women should be informed about the natural history of cervical abnormalities detected by
the cervical smear.
8.2.2.3. Screening registers for New Zealand

No organized screening programmes appear possible without population screening
registers (World Health Organisation 1986a; Bowling andJacobson 1989). However, screening
registers would needto be social acceptable (Redfern 1989). Two major types of screening
registers should be distinguished.
Firstly, a complete list of the intended target population. This list would ideally include all of
the follOWing: a woman's name, herdate of birth, hercurrent postal address, whether she has hada
hysterectomy, the dateof her lastsmear, the result of the lastsmear andwhether she has had any
previous significant cervical abnormality. Then at least the coverage of the target population in the
country could be estimated accurately and invitations to participate provided. Even the firstthree of
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these items mayallow part of an organized screening programme to be implemented and could be
made available fromthe information collected for the electoral roll. However the ability to update
addresses. changes of name or the recording of deaths would be important before it would be a
sufficient population screening register {Chamberlain 198?}. Information on hysterectomy status
would be the next most useful item recorded on a register of the target population.
Secondly, a cervical cytology and histology register could record the results of the smears
taken and identify them uniquely to women in the population. This second type of screening
register is essential before progress to an organized screening programme can begin. If only this
type of register was available coverage of the population at risk and the recall of women for
screening would be dependent on who has already had a cervical smear. In the most effective
screening programmes in the worldthe two types of screening register are linked for updating
information and evaluation of the programme. These registers should also be linked to the Cancer
Registry andthe records of mortality in NewZealand. The existence of these registers is crucial for
reducing the mortality and incidence of cervical cancer through cervical screening {World Health
Organisation 1986a}. While these screening registers are being established, a national register of
cervical neoplasia could begin to ensure the adequate follow up of women with abnormalities
detected. With increased resources and more professional support the Cancer Registry maybe
ableto extend its registration of carcinoma in situ to provide a timely registration procedure for all
cervical neoplasia.
A screening register would facilitate the recall of women by smear takers within the
recommended screening interval. The recall system could thenprovide a mechanism whereby
most women who hadever had a smear in the screening service would remain within the
recommended screening interval though a few women maynotwishto take partin the screening
programme. Provision of an appointment time anda choice of venues through special clinics or a
mobile service may also be desirable, though, unless fully integrated into existing health service
delivery. may not be sustainable over a long period of time. However. a regional or national register
initiating recall directly to women maybe resisted by doctors despite the potential to improve the
cervical screening service that it offers.
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A national cervical cytology register is suggested to record the dateand result of the last
cervical smear for all women in New Zealand. The information requirements of a screening register
have been described (Draper 1986). The computer software for this could be purchased from an
existing cytology register. For example, the Edinburgh system (Straton, personal communication)
or the Bethesda System maybe worth investigating. After it hasbeen decided what software would
be best suited for the national cytology register the hardware required mayneed to be purchased.
Each person whose smear result is registered should be allocated a National Master Patient
Index number for the linkage of records to other health information systems. This would require
sufficiently accurate information on the cytology forms for the unique identification of individuals.
This often does not occurat present and hand written details are more easily misread. If a national
screening register were socially acceptable, dedicated staffwith adequate training would be
required.

8.2.3. The organization of the taking of smears
Thevenues available to women, the person taking the smear and the method used to take,
fix andsend the smear to the laboratory are three maincomponents of the smear taking service. A .
choice of venues and people available to take smears mayincrease the screening coverage of the
screening service, particularly among some participants. However, the smears have to be taken
correctly and be of sufficient quality to be accurately interpreted by the cytology laboratory service
andappropriate action recommended. Thequality of the method of taking the cervical smear can be
expected to be an important component of the sensitivity and specificity of the screening
procedure which are important parameters affecting the effectiveness and efficiency of the
screening service. Suitable training for the taking of smears is required and relevant assessment of
the quality of the work done provided to the smear takers.

8.2.4.

Organization of laboratories
The quality of the examination of smears in NewZealand's cytological laboratories should be

systematically assessed. Sufficiently skilled cytotechnicians are required to examine the cervical
smears. The training of cytopathologists and cytotechnicians in NewZealand should ensure that
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any extra workforce demands predicted from' increased screening activity canbe metthough, any
inward or outward migration of skilled personnel is likely to have a large effect on the available
workforce in a small country.
Centralized laboratory services are considered to be important in maintaining the highest
level of laboratory quality control, training and skill of cytotechnologists and pathologists (World
Health Organisation 1986a). Since this is unlikely to occur in New Zealand, appropriate measures of
the quality of laboratory reporting are necessary andsome form of assessment considered at regular
intervals. Significant variations in the quality of reporting between laboratories would require
investigation.
8.2.5.

Organization of diagnosis and treatment
The lackof an obvious effect on the mortality of cervical cancer of screening despite an

increasing proportion of the population at risk having hadcervical smears (Green 1981) suggests
that the skills of the smear takers, the quality control in cytological laboratories or thefollow up and
treatment procedures might have been deficient in NewZealand. Treatment of carcinoma in situ of
the cervix has sometimes been shown to be deficient (Mclndoe et al. 1984; Cartwright 1988) and
follow up has also been shown to be defective in New Zealand (MacLean et al. 1985). These
deficiencies greatly undermine the screening efforts of women and theirdoctors and may reduce
the perceived value of cervical screening. Anydisillusionment withthe service maybe greater for
women most at riskof developing cervical cancer.
The availability of colposcopic services may lagbehind the demand created by both the
referral of women with mild (or irrelevant) abnormalities detected and the evolving epidemic of
preinvasive cervical abnormalities that will probably continue until afterthe turnof the millenium. The
management and outcome of the treatment of cervical abnormalities requires close monitoring so
that poortreatment methods can be discarded. Increased cervical screening should result in lower
than expected numbers of women developing cervical cancer but an increased proportion are likely
to be failures of treatment or follow up. This needs to be explained so thatwomen and professional
groups do not misinterpret this as a failure of the screening service.
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8.2.6. The follow up mechanism
The follow up of abnormalities requires monitoring. Leaving this to individual clinicians has
been shown to be inadequate (Kinlen and Spriggs 1978;MacLean et al. 1985; Cartwright 1988).
Women who have had anytreatment for cervical abnormalities require cytological follow up for the
remainder of their life. This long-term follow up could easily lapse with changes in the choice of
doctor and the place of residence of these women. As suggested in section 8.1, the reminder of
the necessity for further smears for these women could be provided from a nationwide medical audit
of any previous reports of cervical abnormalities held by cytology laboratories.
Women who have hadcervical abnormalities require a briefrelevant medical record to be
kept in a special file which should be reviewed regularly (probably at least3-monthly) to ensure that
appropriate action has beentaken on the results of cytological and histological reports.

8.2.7. The responsibility for the cervical screening programme
8.2.7.1. Who is responsible for the cervical screening service in NewZealand?

. A majorimpediment to a successful screening programme in a country is the inability to
identify, either an organization or a person, who is responsible for the screening service (World
Health Organisation 1986a).
In New Zealand, doctors have been the providers of the cervical screening service andthe
most important pointof contact for this service is the general practitioner. Since general practice is
predominantly a private enterprise under littledirectcontrol from central government, doctors have
been left to be individually responsible for the delivery of the cervical screening service to the
women of New Zealand. There havebeen almost as many cervical screening services asthere have
been general practitioners, eachof variable coverage and effectiveness. Understandably. some
women are seeking alternative groups to be responsible for the cervical screening service.
However, the provision of most of the screening service will continue to be determined by the
medical profession and manywomen trust that past deficiencies have been, or will be soon.
corrected.

339
Scepticism among some doctors associated with medical schools that cervical screening
could reduce the mortality from cervical cancer(Green 1966; St George 1975; Bonham et al. 1987)
or was worth the trouble (Skrabenek and Jamieson 1985) hasoccurred in NewZealand and may
have resulted in a poorerunderstanding of the requirements of cervical screening services than in
some other countries.
These are aspects of the cervical screening service which can be modified because they
involve improving the proficiency of professional groups. Continuing education for doctors and
gynaecologists in New Zealand is required to encourage doctors to haveknOWledge about cervical
screening comparable with the rest of the world. The initiatives in this direction need to be
continued.
The Cervical Cancer Inquiry (Cartwright 1988) has placed the overall responsibility for a
national cervical screening programme with the Minister of Health andthe Department of Health.
This is a new role for the Department of Health. The Minister of Health haspledged that a national
cervical screening programme will occur. However, it was not stated whether this would be an
organized service. The management of an organized national cervical screening programme may
be difficult since the Department of Health has relatively little direct control of primary medical care in
NewZealand. It may also be difficult at a timewhen greater responsibility for service provision is
being placed on Area Health Boards. The devolution of the responsibility for services may produce
different typesof cervical screening programmes in each Area Health Board region. The budget for
primary health care, private medical specialist subsidies and laboratory benefits hasnotbeen
devolved regionally so that significant initiatives from the Department of Health remain possible.
8.2.7.2. The eyaluation of cervical screening in NewZealand

An evaluation of the cervical screening service in NewZealand has been virtually nonexistent despite screening activity for over 30 years. Enough is known about the natural history of
cervical cancer and the effects of screening that the collection of the appropriate information can
allow relatively precise measurement of the future impact of existing screening activity. However,
most of the required information is not being collected at present.
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The existence of an organized screening service in a population generates five main
subgroups within the population at riskeach time a screening round or cycle is completed. These
groups of sizeA to E are shown in table8.1.
Table 8.1. The sUbgroups formed In the population by each screening round of a
cervical screening programme.
The presence of significant preinvasive disease
No
Yes
B
Positive on screenina
A
A+B
D
Neaative on screenina
C
C+D
T-E
B+D
A+C
E = the number of women Inthe population at risk not screened at the end of the screemng round.
T = A+B+C+D+E = the number of women in the population at risk.
There arewomen with andwithout significant preinvasive disease in the population who are
eitherconsidered to require further evaluation (positive on screening, A+B) or are notconsidered to
require further evaluation (negative on screening, C+D). In addition there arewomen at riskof
cervical cancerwho have not been screened by the end of the screening round (E). Four
parameters that are required to describe adequately each screening round are: the sensitivity of the
screening procedure (A divided by the number of women screened in the population with
significant preinvasive disease, A+C), the specificity of the screening procedure (D divided by the
number of women screened without significant preinvasive disease, 8+D),the total population at
risk (T) andthe proportion of the women at riskof cervical cancer attending during the screening
round (1 - Eff). The sensitivity and specificity of the screening procedure arevulnerable to changes
in the definition of significant preinvasive disease. Changes in what is considered significant
preinvasive disease have occurred recently in NewZealand (Hicks et al. 1987). It is important that a
consensus on what is significant preinvasive disease is achieved andthat it is notdivergent with the
known natural history of the disease. The specificity of the screening procedure maybe the easiest
parameter to measure and is an important determinant of the relative efficiency of the programme.
The prevalence of significant preinvasive disease in the population at riskcan only be estimated.
Even determining the prevalence of preinvasive disease in the screened population (A+C divided
by T-E) requires knowledge of the sensitivity of the screening procedure (Day and Waiter 1984).
Therefore, the prevalence of screen detected preinvasive disease is notthe true prevalence of
preinvasive disease.

341
These are very important determinants of the outcome andthe relative efficiency of a
screening programme. In New Zealand none of these parameters areknown.
Chapter7 showed how reductions in the sensitivity of the screening procedure reduce the
effectiveness of a screening programme. Reductions in sensitivity can occur easily.
The sensitivity of the screening procedure is not the sensitivity of the laboratory reporting of
cytological abnormalities. For example, a poortechnique in taking a cervical smear will reduce the
chance of a women with significant preinvasive disease from having that lesion detected by a
cervical smear. Requiring two positive smears before considering the result to be positive on
screening before intervention also produces a reduction in the sensitivity of the screening
procedure. Moreover, if appropriate intervention is not provided afterthe reporting of a positive
screening procedure, then the screening programme is considering these women to be negative
on screening which produces a similareffectas a reduction in the sensitivity of the screening
procedure. In this case, ratherthan decreasing the sensitivity of the screening procedure, the
sensitivity of the screening programme is reduced (see table 8.2).

Table 8.2. The sensitivity and speciflclty of the screening programme.
Whether women screened would have developed
invasive cervical cancer
No
Yes
Positive on screening and
treated to prevent the
development invasive
cervical cancer
All other women screened

A

B

C

D
A

Sensitivity of the screening programme =

-A+C
D

Specificity of the screening programme =

-B+D

The sensitivity of the screening programme is an important determinant of the reduction in
the incidence of cervical cancerachieved by the programme andis always lowerthan the sensitivity
of the screening procedure. The sensitivity of a screening programme can be estimated by
different methods (Day 1985; Day and Waiter 1984). The pastsensitivity of a screening programme
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can also be estimated fromthe relative protections for invasive cervical cancer achieved from two
previous negative smears compared to those from onlyone previous negative smear (IARC Working
Group on Cervical Cancer Screening 1986). Forthe evaluation of the programme, positive on
screening is a state leadingto the treatment (notdiagnosis alone) of the condition detected. This is
not just whether abnormal cells are present at the screening procedure. Because of the long lead
time available, a cervical screening procedure maybe considered equivocal (foran asymptomatic
woman) andfollowed up over a fixed acceptable time period at the end of which a decision about
whether the original screening procedure was positive must be made. Forthe follow up of
equivocal results for a fixed time period the management protocol must be: clearand understood,
based on a good knowledge of the natural history of the condition, considered to be an advantage
for most women and have minimal risk to the women involved.
Priority should be given to measuring these parameters of the cervical screening service in
NewZealand as accurately as possible andto identify any regional variations. Detection by the
screening procedure of lesions with a high probability of regression mayresult in unnecessary
evaluation and often treatment unless specific protocolsare developed and implemented. The
effect of treating too many lesions that would regress to normal is similar to increasing the false
positive procedures that occurand produces a reduction in the specificity of the programme. This
can rapidly create treatment as well as diagnostic costs to the programme andto the women for little
or no benefit. Because it is at present difficult, if not impossible, to predict which early preinvasive
lesions will regress to normal without treatment a decision whether to monitor closely or treat some
preinvasive states is required. What is considered significant preinvasive disease is a very important
decision and is a large determinant of the service workload and the costs associated with the early
detection of asymptomatic disease. However, doctors are often concerned withtrying to achieve a
maximum level of sensitivity of the screening procedure, ensuring as much preinvasive disease is
detected andtreated as possible, rather than the mostefficient use of resources. This is the
diagnostic driveof the medical decision process. Because some preinvasive disease may occur
between screening procedures, this diagnostic drive encourages advocacy of the relatively
frequent application of the screening procedure. Some of the recognized restraints on this medical
process arethe ability of diagnostic andtreatment facilities such as colposcopy to cope with the
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demand created and the increase in morbidity associated with the diagnosis andtreatment of
preinvasive disease.
From the above, it can be seen that screening requires a careful balance between the
sensitivity and specificity ofthe screening programme much of which is determined by the decisions
of those taking the smears and the recommendations for treatment on the cytological reports. Most
smeartakers are not involved directly in the diagnosis or treatment process. For example, the
smears tend to be taken by general practitioners while the diagnosis andtreatment is given by
gynaecologists and colposcopists. Therefore, the workload consequences of the decisions of
general practitioners do not usually directly affect them except when additional follow up before or
aftertreatment is required, yet the gynaecological service workload is partly determined by the
decisions of the smeartakers often based on the recommendation from the pathologists report.
However, the amount of colposcopic follow up required for women assessed or treated for
preinvasive disease is also a majordeterminant of the colposcopic workload.
8.2.7.3. A precjse statement of the objectjyes of the screening programme

The 1985recommendations contain very few measurable operational targets. Measurable
objectives have manyadvantages and havebeen identified as essential for an organized screening
programme (World Health Organisation 1986a). They are a reminder of the purpose of the
screening programme and can be used to provide targets for particular parts of the screening
service to make the overall programme as effective as possible. In the presence of operational
objectives, the evaluation of the screening programme is more likely to be continuous rather than
episodic and more likely to suggest concentrating resources on the items that enhance programme
performance. Suggestions to alter the programme would need to show that improvements could
be expected in the operational parameters decided upon.
In the United States, 90% coverage (from 79%coverage) by cervical screening of women
aged 20 to 39 years and 80% coverage (from 57%coverage) of women 40 to 70 years old has been
set as an objective for the nation by the year 2000 (Greenwald and Sondik 1986). Objectives such
as these need not just be age-specific. In NewZealand, we could attempt to achieve similar agespecific objectives across ethnic and socioeconomic groups. The coverage able to be achieved
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may depend on the nature of the screening service which is strongly influenced by the type of
health service that already exists in a country or region.
A national or regional screening programme would require the establishment of an
operational policy that was consistent with the 1985 recommendations. Some possible operational
objectives are listed in table 8.3 below.
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Table 8.3. A possible set of operational objectives for a national cervical
screening programme.
VARIABLE
Population at risk

POSSIBLE OBJECTIVE
Estimating the population at risk by
5-year agegroups within each
Area Health Board
A national cervical cytology register
within 3 years
A screening register covering greater
than90% of population at risk within
5 years

Coverage* of the population at risk
achievable in five years
Age range
20-39 years
40-64 years
65-74 years

90%or more
80% or more
3 consecutive negative smears
for 80%or more

Screening procedure sensitivity

75% or more

Screening procedure specificity

99% or more

Average annual mortality from cervical cancer
within 10 to 15 years

less than 60 deaths per year

Average annual incidence of cervical cancer
within 10 to 15 years

less than 180 women developing
invasive cervical cancer each year

Proportion of invasive cervical cancerthat
is stage 1

45% or more within 5 years

Screening frequency

3-yearly

Proportion of women positive on
screening who fail to havefurther
diagnosis or treatment when indicated

less than 0.1 %

Proportion of women treated initially
who require further treatment within
12 months of initial treatment

less than 5%

Proportion of women treated initially
who require further treatment after
12 months of initial treatment

lessthan 2%

* Defined as a smear withinthe last 3 years Indicated by screemng records.
Maximum allowable waiting timesfrom the screening procedure to any necessary diagnostic
or treatment procedures could also be set. Achieving these objectives may require alterations to
the present system of payment by the government for the services associated with cervical
screening. At present, three screening procedures for one women over a three-year period is
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remunerated by the government at the samelevel as one screening procedure for each of three
women over the same time period. Yet, the overall benefit of the latter is much greater thanthe
former. An incentive payment that might be considered would be a bonus payment to the
gynaecologist, the cytology laboratory andthe smear takerfor each woman detected with carcinoma
in situ (or CIN Ill) andfor whom initial treatment hasbegun. indicated by receipt bythe Cancer
Registry of a special registration form. This could be expected to have several favourable
consequences. Firstly. women who have a positive screening procedure maybe less likely to have
a lengthy wait for diagnostic andtreatment services. Secondly, it would encourage a form of
targeting to women at highest riskof carcinoma in situ. particularly those women notpreviously
screened. women who have hadprevious abnormal smears but insufficient follow up, Pacific island
and Maori women. olderwomen and lower social class women. Thirdly. because the information
system for registration of cervical abnormalities would be linked to payment it could be expected to
be more accurate andof usefor evaluating the screening service. Forexample, the forms of
treatment used for preinvasive disease could be known accurately. Also. the follow up of
abnormalities detected would be given a financial incentive. One disadvantage would be that some
diagnostic shift in pathological reporting towards carcinoma in situ (orCIN Ill) might occur. although
this could be assessed by sending a selection of pathology specimens reported for evaluation
elsewhere. Another disadvantage could be too muchtargeting of perceived high risk groups.
However, providers of the service would need to encourage the participation of these groups for
there to be any financial benefit to them.
The payment to the laboratory mightbe betterfor the screening or follow up procedures
processed ratherthan each cytological slide. At present. some women have up to 4 cytology slides
processed for a single screening procedure. This is because many doctors are taking a sample of
cervical cells using a spatula anda cytobrush and a few doctors are taking two samples of each.
These samples are placed on separate slides. Theprocessing of each slide is paid for by the
government yet one slide from a sample of cervical cells taken appropriately with a spatula is a
sufficient screening procedure.
This section has included a review of most of the requirements listed by the World Health
Organization (1986a) for an organized cervical screening programme. with an attempt to assess
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these requirements in relationship to the present NewZealand health service. It is not
comprehensive but indicates where further improvements to the screening servlce might be
gained. The majority of women in New Zealand are dependent on an improved screening seNice to
reduce their riskof cervical cancerover at least the next two decades.
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the Otago Region
The Establi shment of a Cervic al Screen ing Regist er for

Introdu ction

1.

method of reducin g
Cervic al screen ing has been shown to be a very effecti ve
l,2
Screen ing policie s have been
the inciden ce and mortal ity from cervic al cancer
of cervic al screeni ng
establi shed that attemp t to maximi se the effecti veness
3. Policy for New Zealand has been reviewe d and is
within the resour ces availa ble
4
However a major programme is require d to
due to be release d later this year
repeate d screen ing.
ensure women are screen ed and then recalle d regula rly for

the followi ng
Based on the succes sful Scandi navian screeni ng programmes
S
are consid ered to be minimum require ments

(1)

on smears ;
adequa te resourc es for taking , examin ing, and reporti ng

(2)

ation;
arrange ments for making and keeping appoint ments for examin

(3)

of smears - for
arrange ments accept able to women for the actual taking
l practi tioner
exampl e, the availa bility of choice between one's own genera
or a clinic staffed .by women;

(4)

which can achieve
un updata ble listing of women in the target popula tion
regula r recall;
comple te initia l call of all eligib le women and ensure

(5)

tand the
an inform ed client popula tion whose members know and unders
functio n of the proced ure;

(6)

ensure
a continu ing scrutin y of the records of examin ations to
approp riate action s are taken on the results ;
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(7)

the ability to monitor the efficiency and effectiveness of the programme
and to adjust policies and procedures accordingly.

For a variety of reasons the region is considered suitable for a cervical
screening programme.

2.

Population
It is intended to invite all women on the electoral roll in the region, by

personal letter, to participate in this project.

The age distribution of women

in the Otago-Southland region, as given in the 1981 census, is provided in Table 1.
The outlines of the county boundaries are provided in Figure 1.

Most of the Waitaki and Lake County requests for cervical cytology are not
processed by the private laboratory in Dunedin.

T.~is

leaves Dunedin City and the

Silverpeaks, Bruce, Clutha, Tuapeka, Vincent, Maniototo, and Waihemo
outlined with a bold line in Figure 1, as the area to be covered.

Counties~

This area

contains approximately 54,000 women aged 18 and over, as at the 1981 census, as
potential participants in the screening programme.

If successful the programme

may be extended to the Southland region.

The electoral boundaries do not correspond to county boundaries.

The Otago

electorate includes a large portion of the Lake County and a smaller area of the
Waitaki County north of the Shag River almost to the southern boundary of Oamaru.
Also the Clutha electorate includes a large area west of the Clutha and Tuapeka
County boundaries

up to the eastern boundary of Gore.

Use of the electoral rolls without modification for these areas will lead
to an excess of invitations being sent.

It should be possible to exclude women

in the electorates that lie beyond the county boundaries by their addresses.
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Table 1.

Number of ..cmen ill t1:.e Ctago-SoutL:.land region uaual.Ly resident

in New Zealand agec 12 and ever by county or borough as at the 1981
census.

Age
COUZlty/30roush
D~edin (excl~des

20-291 30-39

4::--49

I 50-39

65+

Total

- "
6 0.I'~

3.2.E3E

2594

7633

49S:5

40:;:3

4386

468

,2094

1944

1431

1443

633

Total

3162

9732

6939

5529

5829

2748

Bruca

Cl

LC.. 0

420

291

Clut1:.a

153
93
132
27
24

7;£

642

4 c• .1t=

441
792
177
114

438
744
168
102

276
477
144
84

294
477
249
486
cc
.1.1

135
183
117
240
48

87

48

3678

12474

9453

7296

7521

3519 10350

54291

1638
171

5871
504

4371
315

4880

1""7<:;
1,-'

168

7332
663
987

927

6C ';

6

45

42

24
3

357
603
18

171
234
12

29834
2601
4170
168
6

G.I.

Mosgiel )

7

:5ilverpeaks

Tuapeka
Vincent
Maniototo
Waihemo
Total

~~th

2115

9510

1497

840S 142348
2022
3138
1896
3534
750
603

297
468
282

69 3
87
144

Dunedill

and Si17erpecl:s

Sou t~~anc..
Lake
~f2.11ace

Stei-Tart Is.
F:'ord.

3

.I~

4767
420
555
21

Total for
Southland region
vied taki

1983

9030

7344

5409

5058

2192

5763

288

1407

1278

1032

1044

564

1617

36779

I

7230
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Fig ure 1. (see tex t)
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The electorates in the area are Dunedin North, Dunedin West, St Kilda,
Clutha, Otago,and Southern Haori.

The major advantage of using county boundaries to define the invited
population is that census area units are divisions of counties and not
electorates.

Therefore important basic information, of age, and possibly

marital status, are .available for census area units.

The next census is due in

1986 and the area unit maps are at present being prepared in Christchurch.
Whether the area unit maps will be of sufficient detail to allow assignment of
addresses to area units has yet to be determined.
a computer

programm~which

It may be possible to update

assigns addresses to census area units for the Dunedin,

Green Island and Mosgiel areas, that was developed by members of the Department
of Preventive and Social Medicine over 10 years ago.

The

progra~~e

is still

available but will require alterations for changes in the area units used for the
1986 census.

Inclusion of the smaller popul at i on in the rural areas 'of the region

is likely to be easier than assignment of addresses to area units in urban areas.

The addresses given in the electoral roll, while predominantly descriptive,
will ensure receipt of the invitation in most instances.

However since the last

published electoral rolls in 1984, a proportion of women will be untraceable by
post.

No definitive estimate of this proportion is currently available but
discussion with researchers using the 1984 electoral rolls for survey work
suggests the proportion is probably 10 per cent or less.

This includes some

women who are no longer at risk in the area due to death or migration.

The electoral rolls are not a complete listing of women in the area.
Enquiries are being made with the electoral office in Wellington to determine
completeness of the roll nationally, and if possible, by electorate.
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The electoral roll is updated annually and biannually in election year.
The next update is due to be available in September-Octocer of this year.

3.

The current regional cervical cancer burden
The annual number of registrations for invasive cervical cancer in the

Otago-Southland region by domicile hospital board area for the yea=s 1976 to
1980 are given in Table 2.

In general more cancers relative to population si=e are detected in this
region compared to other regions of New Zealand.

This is because of the more

aged population of women within this area illustrated in Table 3.

Only approximately 1.6 per cent of the area population are of

~laori

ethnicity, as defined by the 1981 census, compared to 9 per cent nationally.

Regionally approximately 13,000 smears are
private laboratory.

examine~

per year by the

These smears are taken mostly from women under 40 years of

age and are mainly from general practitioners, family
private specialists.

pIa~ning

clinics, and

The hospital processes approximately 2,000 swears from

patients being followed up from disease states.

Between 200 and 250 smears

are received by standard hospital request forms from Dr Holmes in Green Island
each year.

Each year approximately 160 smears are recorded as dysplasia or worse and
approximately 65 smears are recorded as carcinoma in situ by the p=ivate
laboratory in Dunedin.
per year.

It also records approximately 7 f=ankly malignant smears

The number of asymptomatic women in whom

(those detected by routine screening) is unknown.

abno~al

smears are found
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Table 2.

Registrations of invasive cervisal cancer by domicile hospital

board area for years 1976 to

1~EC.

Year
Hospital Board
otago

9

South Otago

A

Vincent

12

Southland

4

2

e

2

2

6

22

15

76

5

10

6

2

2

13 ' .: 14
4-

I

198C Total
62
11

2

2

Maniototo
Total
Waitaki

197811979
18
14

I~

385

Table 3. Percentage of women aged 20 or Ove= in tte region intended
to be covered by the screening register compared to the
New Zealand female pcpul.atc.on,

2O-~a
.::~

30-39

40-49

50-59

Area covered

24.7

18.7

14.4

14.9

N.Z. pop.

25.0

21.1

15.4

14.4

Total

6.9

65 +
20.4

6.5

17.6

1CC

6C-64

100
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4.

Cervical screening regionally
A few doctors in the region keep a recall system/as part of an age-sex

register,providing a screening service for their patients.

Many other doctors

provide cervical smears as a procedure alone, in contrast to a screening service,
without a call and recall system for women.

There may also be doctors within

the region who do not take cervical smears at all.

The majority of the women from whom smears are currently taken are under
40 years of age.

However S3 per cent of the women in the region served are 40 or

more years of age.

Request forms of the private and hospital laboratories seek the woman's
name and date of birth.
are available.

Cervical cytology requests from the beginning of 1984

Smear requests reported as abnormal by the private laboratory

-are filed until histologically confirmed after which they become an "historical

file.".

Abnormal smear requests are available for several past years.

At the

end of each year abnormal smears and previous abnormal smears of the same
women are alphabetically filed.

Some information from the request form is entered into a microcomputer
for billing the Health Department.

S.

The establishment of a screening programme
It is intended that a personal invitation to all women on the electoral roll

within the area be made by letter.

A reply paid questionnaire will seek

participation in the screening programme and details for the screening register
record.

Use of the county boundaries to delimit the area would a l l ow evaluation

of age, and possibly other demographic
census, of the non-responders.
up to three thousand women.

features.~y

the area units used in the 1986

Area units break down counties to small areas of
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Women receiving the invitation fall into four important categories:-

(1)

Those who have had a smear within the last 12 months.

(2)

Those who have had a smear over 12 months ago or never had a smear.

This is the situation of the majority.

(3)

Those women who have had a past hysterectomy.

A few of these women will have had a subtotal hysterectomy.
of the hysterectomies will have been done for benign conditions.

The majority
It has been

suggested that these women be told that some women who have had a hysterectomy
require a smear and that they discuss this with their usual doctor.

~Iany

are

likely to do this by telephone.

(4)

Women who have never had sexual intercourse.

These women are not considered to be at risk.

It is necessary for the screening register to identify women who consider themselves at risk using the reply paid questionnaire.

Some women who do·nbt return the

reply paid questionnaire will arrange for a cervical smear to be taken in response
to the letter, publicity, or information from friends or relatives.

If these

women are identifiable from the normal throughput a second attempt to enroll them
may be made.

At present telephone numbers or addresses are not required on the cytology
request forms of the private laboratory.
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Some of the

non-responders will need to be sought out to establish why

a response was not made to the invitation.

Information on non-responders is often

difficult to obtain, however, some information will be available if the majority
of addresses from the electoral rolls can be allocated to census area units.

Figure 2 is a representation of events after the invitation is sent.

Apart from the non-responders a second group excluded from recall by the
screening register are women who have had a hysterectomy but on whom smears are
not considered necessary by their usual doctors.

Because of the higher risk of

cervical cancer in women who have had a hysterectomy for cervical neoplasia, or
in whom neoplasia was detected at hysterectomy, should an attempt be made to
evaluate the reasons chosen by the doctor for not taking smears from these WODen?
This may be difficult however.
not had sexual intercourse.

A third group excluded will be those women who have

This will include some younger women who should be

re-invited after a period of time as they may have then started sexual
relationships.

The fourth group excluded will be those that object to being part

of a screening programme.

There has been -re cerrt discussion about the accessibility of patient
information held in a central register.

Women will be included on the register if

they give their written consent by returning the reply-paid form.

A protocol for

excluding a record from the screening register will need to be established.

As outlined in the introduction arrangements for making appointments
should ideally be part of the screening register.

This will not be able to be done

and may affect the ability of the register to ensure adequate follow-up of abnormal
smears.

Making appointments would also require more clerical staff.
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Figure 2.

Tree of events follow ing invita tion.

Person al invitat ion to partic ipate
in the screen ing
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.
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6.

The invitation
This will be sent under the Cancer Society of New Zealand's letterhead.

Suggested minimum information for each record of a screening register has been
6.
outlined

7.

The records of the screening register
Confidentiality of the records of registrants will be guaranteed.

records may be kept on the University of Otago computer.
security of this system are known to the director.

The

No breaches of the

Alternatively a microcomputer

may be considered as an alternative for record keeping.
It will be necessary to transfer information from private laboratory, and
hospital, cytology and histology request forms to the register.

At present the

private laboratory is negotiating for a computerised laboratory system.

It is

important that some compatability with the input systems of the University of
Otago computer exists so that some information Fecorded at the private laboratory
may be transferred.

It will be necessary to obtain information from the cancer registry and the
registrar of deaths.

This will ensure that invitations or repeat requests are

not received by women who have cervical cancer and assist in evaluation.

Registrations of carcinoma in situ may be made with the local registrar of
cancer for the

8.

~ational

Health Statistics Centre.

Estimated load on resources in establishing the screening

progra~~e

It is most unlikely that greater than an 80 per cent response can be
achieved as a result of this invitation.

If invitations were sent out over a

12 month period this would generate a maximum of approximately 900 visits to
doctors. in an average week. This load would be divided amongst the 80 general
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practitioner full-time equivalents in general prac:ice or primary medical care?
Therefore an average load of 2.25 patients a day generated by the invitations
of the screening programme would not be exceeded.

Doctors with a predominantly

female case load and larger than average practice si:e might sustain an average
case load greater than this.

This represents a maximal expected average daily

load per doctor from the invitations.

Added to this would be the follow-up

visits required for abnormal or inadequate smears.
expected to be considerable at the initiation of

Inadequate smears might be

t~e

programme.

The prevalence of abnormal smears is not easily predicted as detection by
current screening practices, in presumably lower risk women, will underestimate it.

For the first eight weeks approximately 450 invitations a week could be sent
and some assessment of the response made.

The invitation rate may then be adjusted

upwards accordingly.

The women invited in any week would be selected randomly so that no
particular doctor ar area would have an excessive load on resources.

The private laboratory has enough staff and expertise to view the increased
numbers of smears likely to be generated.
laboratory service may have to be made.

Some assessment of the hospital
The major

~orkload

in the laboratories is

likely to be on clerical staff and requires further assessment.

Dependent on the number of cervical smears taken in response to this
invitation, and from whom, many prevalent cases of cervical abnormality may be
detected.
some women.

This may create a negative reaction to the screening programme from
Any effect of the screening programme on regional mortality from

cancer of the cervix could take ten or more years, however, some effect on
incidence may be observable before then.

This depends on the rate of enrolment
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of the regional population at risk, trends in the disease in the interim, and the
amount of migration into the area that occurs.- The effectiveness of the screening
programme will not be measured, 'in the short term at least, by changes in
incidence or mortality.

The success or othen.ise of the programme will be

measured by the numbers of abnormalities detected, their adequate follow-up, and the coverage of the population at risk attained.

9.

Evaluation of, and feedback within, the screening programme
Feedback from the doctors and their staff to the register is important

especially in the introductory phase.

Lines of communication need to be built

into the programme so that ongoing adjustments can be made where necessary.

Room on the request form may be made for comments under which information
may be communicated back to the register.
by doctors however.

This method is unlikely to be used

A formal. response may be communicated to the general

practitioners representative on the screening supervisory committee of the
screening register.

It is likely that visiting or telephoning doctors will be

necessary.

Receptionists may also be telephoned if necessary to assess their
workload or other difficulties the introduction of the screening programme may
produce.

Assessment of any problems in the private or hospital laboratory will be
made by a weekly or fortnightly visit.
g:~aecological

The workload on the hospital

clinics and colposcopy services will also need monitoring.
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Evaluation of the screening programme will consist of three main
components.

(1)

Maximising the number of women at risk of developing
cervical

~ancer

in the target population who have a

cervical smear taken, and repeated, at the intervals
recommended.

(2)

Maximising the enrolment onto the screening register of
those most at risk.

(3)

Increasing the numbers of pre-cancerous cervical
abnormalities detected and adequately followed up.
This will be the primary measure of the effectiveness
of the programme.

Copies of evaluation reports may be made available to the doctors taking
smears, together with a few summary tables of the women they have taken smears
from, at regular three to six-monthly intervals.

I~en

cases of invasive cervical cancer within the region are registered

with the National Health Statistics Centre a review of the screening histories
of these women may be made.

Those without a history of a cervical smear, or

where a smear was not done for a long time, may be assessed for potential
points in time where they might have contacted a screening service but the
opportunity for a smear was missed.

A three yearly review should provide enough

cases of invasive cancer for an assessment of where the screening programme is
failing to reach women at risk.
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10.

Promotion and public relations
Apart from deciding the persons to be involved in this important area, and

their roles, it will be necessary to maintain consistency between any written
information and public statements.

The methods of promotion and their staging

with the activities of the screening register will need integrating.

Informing the client population about the functions of the cervical smear
test will need to be an ongoing task.

11.

Areas of expenditure
It has been estimated that an active recall computerised system servicing

200,000 women over 15 years of age would require one clerk in comparison to a
manual recall system which would require 3 to 5 clerical staff

8.

Computing facilities are available through the University of Otago and
would be charged at the rates for an externally funded non-profit organisation.

Part of the start up cost would be the computer entry of the women on the
electoral rolls.

The electoral rolls are apparently available on computer tape

at a price, however, to political parties only I am told,

Further enquiries are

in progress.

The electoral roll population base will require updating annually usually
about October.

Letter writing facilities exist in the Department of Preventive and Social
Medicine.

Supervision of the machinery and the placing of letters into envelopes

by hand will be required.
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Ongoing evaluation projects to improve the service, the initial promotion,
and continuing education of all involved, will also require funding.

Suggested areas of expenditure ·are listed below:-

(1)

Staff - for sending invitations and maintaining the register.

(2)

Computing - start up costs (entry of the electoral roll,
establishment of computer programmes required, purchase
of computer tapes).
- ongoing costs (maintenance and entry of records).

(3)

Purchase of census area unit maps.

(4)

Sending pyogress reports to doctors.

(5)

Evaluating progress and reports.

(6)

Promotion.

(7)

Education.

(8)

Invitation with reply paid questionnaire.
major item of expenditure.

Postage will be a
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Appendix

B

Cancer Society of New Zealand Lnc.,
Otago and Southland Division.
OTAGO

CERVICAL

SCREENING

PROGRAMME

Department of Preventive Medicine,
P.D. Box 913,
Dunedin.
Telephone

740-062 Ext. 877
18-tlOV-1985

Dear Mrs
Every year more than 200 New Zealand women develop cancer of the
cervix. There is evidence that 90 per cent of these illnesses could be
prevented by regular cervical smear tests. This test allows changes in
the cervix to be discovered and treated early, before cancer develops.
Overseas experience shows that the best way to make sure that all
women in the community have regular tests is to send them an invitation.
The Otago Cervical Screening Programme aims to invite all women in Otago
to have this test. This letter is, therefore, being sent to all women in
the Otago region listed on the electoral rolls. .
You are invited to:
1.

Attend the doctor of your choice for a cervical smear test, if you
have not had one within the last 12 months. Take the enclosed green
form with you to the doctor.

2.

Make sure that you are reminded about regular screening tests by
registering with the Otago Cervical Screening Programme.
With your signed consent on the enclosed pink form, we will hold
your name on a register and make sure that you are reminded when
further tests are required. The information held on the screening
register is completely confidential.

Not all women need regular cervical smear tests. Details of
who needs a test and how often it should be done are on the enclosed
Information Sheet.
Please comolete the pink form and return it in the reply-paid
envelope (no stamps required).
We very much hope you will take this opportunity to register with
the screening programme; it is being offered for the health of Otago
women.
Yours sincerely,

En c l s •
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Inform ation Sheet
PREVC iTING

CA)!CER

OF

THE

CEHVI X

What is the cervi cal smear test?

collec ting
It is a quick and painle ss procedure, which involves gently
cells
Tbe
womb},
the
of
(neck
ix
cerv
a few of the cells on your
ing,
are checked under a microscope and, if any changes are occurr
ps.
develo
cancer
a
before
ent
you can receiv e effect ive treatm
Who needs a cervi cal smear ?

The Department of Health and the Cancer Societ y advise that all
women should have regula r cervic al smears, except for:
(1)

Women who have never had sexual interc ourse

and
(2)

\'/omen who have had a t o t a 1 hystere ctomy (remov al of
the woub by sur'ger v) for condit ions other t han cancer .
A very f'ew women \\'i11 have had a hys t erect omy where
their c8rvix has not been remove d, and they should
have regUla r cervic al s:nears . If you are unsure
whethe r your cervix has been remove d, ask your llsual
doctor whe t lie r you requir e regula r cervic al smear's
to be taken.

How often shoul d you have a cervi cal smear ?

Your first test should be fnl l o-red by one a year later.ThisAfter
applie s
that, you should have a test at least every 3 years.
stop at
can
you
that
to women of all ages. Your doctor may advise
past.
the
in
tests
r
age 65 if you have had regula
What is the

Ota~o

Cervi cal Scree ning Progra mme?

and will enable
It is the first proj~ct of its kind in New Zealand, the
cerv i x , If
of
cancer
nq
i
Iop
dave
f'rom
\'IC~12r:
more
us to preven t
ei' if
'remind
a
you
send
you sign f.nt rsturn the p ink fc rrn , he \,1111
tha:
ensure
t:l
helE
\',ill
\-:2
and
tests,
r
you fOt'get to have fegul"
found.
are
s
probiem
any
if
aken
t
is
action

EC\:

PLEASE K~:}:Ef';~
--------

FORi,j 1'1 THE RLPLY-PAID ;::\VELOPE.
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1/ 1

CONFIDENTIAL
Please complete this form for the screening register.
Mrs
Miss
Ms

( Surname)
Please correct •••.................•
address, if

Address:

necessary

.

...............................................

Alexandra

Telephone number: .•.•..•.........• Date of Birth:

........................................

Maiden name: •••••••••••••••••••••• Other previous
surnames:
Who is your usual doctor?

.........................................................................

When did you last have a cervical smear?
( please tick your answer )

never
within the last 12 months
more than 12 months ago
don't know

I agree to enrol in the Otago Cervical Screening Programme and to have
the results of my tests recorded confidentially on the register •
.. .. .. .. .. .. ..

"

( signature )

.

PLEASE RETURN THIS FORM IN THE REPLY-PAID ENVELOPE TO:
Mrs Judith Smeijers,
Otago Cervical Screening Programme,
Department of Preventive Medicine,
P.O.Box 913,
Dunedin.
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Authority No. 279

BUSINESS REPLY ENVELOPE

Cunedin, N.Z.

;lOA/Cl .

DENnAL

L HI

Postage will be po id by

Mrs. Judith Smeijers
Department of Preventive and Social Medicine

r.o.

Box 913
DUNEDIN

MEDICAL lABORATORY - DUNEDIN PLUNKET HOUSE. ~12 DEORDE S1.,P.O.BOX606~
D.J.PERRY, M.D.• F.R.C.Path
N.W. FIT2G~RALD, M.Se••M.D.. F.R.C.Path PHONE 11&-981

Lab No.

FromDoctor:

:~

Born

~

DAY
_. -t -

_.~

MONTH
yeAR
r--T--'
,...--,.--.,

__ l __ j :

!

:;

~_.J.4.J

SPECIMEN
BLOOD 0

1, _ _

: ;
"!_ •
..1

Patient's Address

SEX
r - - .....

Copy to:

,-_.->

* APP1S ReQtJ~ed
D
D
D
D

.0
URINE MS ::J
NOTMS C

Blood Count
Platelets
Antenatal Tests
VDRl or A.P.A.
Widal

D
D
D
D

0

E.S.R.
iJ Ferritin
0
Reticulocytes
iJ IronmBC
0
Rubella
iJ FOlate/B12
0
Prothrombin Ratio :J CoagulationTests*O
Brucella
0 Toxoplasma
0

Anti Nuclear Antibody 0 Urea
0 Creatinine
Rheumatoid Factors
0 E1ectrol~ 0 Uric Acid
Anti. Strep. Antibodies ;] Calciu~~ ;] Alk POOs
C. ReactiveProtein.
Paul Bunnell
0 Upids

D DeposlUCulture

0 Cytology

0 Tb x3

o Pregnancy Test (H.C.G)

r.......
V..s5:

0

D Culture

0 Cytology x3

0 Tb x3

FAECES

0

D Culture

::J Parasites

0 Occult Blood x3

SWAB
SCRAPE

0
c;

Site

U Culture

0 Fungi

SMEAR
TISSUE

0
0

Site

::: Albumin 9'~ , .I~J Im~glObUlins
Myocardial
me
_ Amy !er>

:J

;: Histology

ADDITIONAL TESTS:

.
.
.

... SIGNATURE
Date

.

!-i~

;n~~e tim~)lce last dose.
0 Uver R~'l/.n T-;?~ iJ ~:ltitis B Antigen

=

CUNICAl INFORMATION:
MEDICATION:

""':J

Ors

==
::: Cytology

c

~i~ ~eoPhYlline

0
0 15i1~n

SPUTUM

L.M.P.

D Glucose
0 G.T.T.*
D Acid Phos

r

~

Thyroid Function T~s
Thyroid Antibodies

::J TSH

24 HOUR URINE:

o Oestriol. .............••••......•. x weekly
o Creatinine
0 Calcium/Phos
o Uric Acid
0 Electroly1es
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Appendix C
A

AA
A
A
AAAAAAA
A
A

GENERAL QUESTIONAIRRE

INVITATION NUMBER:

OK
CR

PLEASE STAPLE TO INTRODUCTORY SHEET.

=

Don't know
remember

= Can't

A letter about cervical smear tests, an information sheet about
cancer of the cervix, and a pink form for registering in the Otago
Cervical Screening Programme should have arrived about 3 to 4 weeks
before Christmas. It was sent by the Cancer Society and the Otago
Medical School.
3. Did you receive it?

YES

NO

CR

If NO or CAN'T REMEMBER go to question 18
[ The next few questions are about this letter. ]
4. Did you read the letter?

if NO then

go

YES

NO

CR

to question 18

5. Did you find the letter eaSj, or difficult to understand?

EASY

DIFFICULT

CR

6. Was the amount of information in the letter; too much,
about right,
. or,too little?

CR

7. Was there anything about the letter you did not understand?

YES
i f YES:

NO

CR

8. What in par t i c u lar ? . . . . . . . . . . . . . . . . . . . . •

[ To join the cervical screening programme you were asked to
sign, and return, the pink form to allow us to record the results
of your cervical smear tests.
]
9. If the letter had been signed by a doctor, would your
joining the cervical screening programme have been;
less likely,
more likely,
or, t he same?
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10. If the letter had been signed by your own G.P. would your
joining the cervical screening programme
have been; less likely,
more likely,
or, t he same?
11. Did you join the cervical screening programme by returning
the pink form?
YES
NO
CR
12. Did anything hinder you from joining the cervical screening
p r o q r amme ?

NO

CR

if YES then: 13. What in particular?

14. We r e you p r' e par e cl t 0 f ill

i n all the per son a 1 i nfor ma t ion we
asked for on the pink form?

YES

NO

CR

15. Did the request for your signature on the pink form deter
you from returning it?

YES

NO

CR

If YES then: 16. Why?
17. Did you have a cervical smear test in response to the letter?

18. In what year ua s your last (previou':=,) cervical.smear test?

NOi'iE
NONE

19. In what year WBS the one before that?

20. When did you last (?reviously) visit a doctor in New Zealand?

OK
21. Have you ever been

c

patient in a public hospital

in New Z,"31and'?

YES

NO

if YES: 22. In what year?
23. Is your usual doctor a man or a woman,'"

LJ

24. Is cancer of the cervix; a rare disease,
a common disease,
or, a very common disease?
25. Sometime in your life, do you think you could get cancer of
the c e r v i x ?

YES

NO

NONE
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[ The following questions are about cervical smear tests. ]
26. Has a doctor or nurse

GP

FPC

HOSP

ever offered you a cervical smear test?

PR/GYN

..

'"

'"

'"

'"

OK

'" '"

(other)

29. If there were special womens health clinics, would you
prefer to use them to have a cervical smear test taken?

YES

NO

OK

30. Would your doctor be happy to give you a cervical smear
test if you asked?

YES

NO

if NO: 31. Why not?
32. Do you know anyone who has had an abnormal cervical smear
test?

YES

32.· How much' do

y

NO

ou think a c e r v ic a l smear' test should cost

YOiJ":"

$

.

33. How much would you expect a cervical smear test to cost you?
$

"' ••• '" • , ....

34. Would you prefer the doctor taking your cervical smear test
to be a man or a women?
M

if WOMAN: 35. Would having a male doctor prevent you
from asking him for a cervical smear test?

YES

NO

36. Does your doctor send a reminder to you when your next
cervical smear test is due?

YES

NO

OK

37. Does your doctor have a practice nurse who takes cervical
smear tests?

NO

OK
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38. Would you prefer a nurse to take your cervical smear test?
YES

OK

NO

39. To have a cervical smear test, how much time away from
home, or work, would you need?
••••••••

"

•••

"'

•••

'1'

••

For the following six qu~stions you will be given one of
three choices for your answer
J

[

40. Are you busy; always,
sometimes,
or, never?
41.

Do

yOIJ

have your- own transport

ava i

l iab l e ; most days,
some days,
er,

if NEVER: 42. Is other

tra~sport

n~ver?

availiable le you?
r··JO

VES

43. Would planning to have a cervical smear

44. Would having a cervical smear test

-..

i c lJ 1 t ,
difficul ,
or, not diff cult?
~.

1..' \:' ,

ve r y cif

very embarrassing,
embarrassing,
or, not embarrassing?
b~;

46. Would receiving an appointment time to have a cervical
smear test, make you more likely, or less likely, to have
one taken?
[ There are now some general questions to finish. J
47. In what year were you born?
48. Do you smoke cigarettes?
if YES: 49. How many a day?
if

YES
1-9

NO
10-19

NO: SO. Have you ever smoked cigarettes?
YES

51. What class were you in when you left school?

NO

20+
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52. Did you have any qualifications when you left school?
if YES: 53. What were they?

SC

UE

OTHER

NO

'"

.

54. Did you have any further education or training for a job?
if YES: 55. What was that?

.......... '"

.

56. What is your present occupation? •...••••••••.••.•...•....•.•

. . . .. . . . . . .. . . .. .. .. .. .. . . ..... '" .........
"

57. Are you single, married, separated, widowed, or divorced?
if MARRIED, WIDOWED, DIVORCED,
OR SEPERATED
then: 58.
What is(was) your husbands main occupation?
....

"

'."

10

,

59. How many children, or other dependents, do you care for in
your house?
if GREATER THAN NONE then: 60. How many are pre-schoolers? ••...
61. How many are at school?
END:

[

THANK YOU VERY MUCH FOR YOUR HELP

]

~

...•

..

